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We know full well that this is an age of specialization and 
specialists. Fortunate indeed is he who is in full mastery of the 
principal features of all branches of his science and who can 
give his time to broad general questions, such as, in geology, 
the life history of this planet, the origin of its continents and 
mountain ranges. It is perhaps true that we have too few men 
who can devote themselves to such broad work and thereby 
obtain a wide and undistorted perspective. But the fact remains 
that most of us must specialize, must try to advance our science 
in our small way, the only way which we can adopt, to push our 
little special branch further into the unknown. 

In the study of ore deposits one of our chief aims is to trace 
the laws of migrations of metals, and of transformations of 
minerals. These theoretical aims are indissolubly connected 
with practical questions. The miners who utilize our work are 
very likely to put this question to us: “ We read with much in- 
terest what you say in regard to the genesis of the deposit and 
its manner of formation, but, coming down to the point, what 
we wish to know is. Where are our ore bodies; to what depth 
can we hope to follow them; how shall we find them if they are 


* Presidential address delivered before the Geological Society of Wash- 
ington, December 19, 1907. 
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lost?” This strong utilitarian tendency follows us through- 
out our work, and undoubtedly the study of the ore deposits has 
suffered in some cases by being too closely connected with ex- 
clusively practical bureaus. Under such conditions the investi- 
gator of ore deposits, as Ransome has put it, is in danger of 
becoming a geological engineer. 

Now, if we must be specialists, let us at least be as broad as 
possible in our specialty. The elimination of provincial ten- 
dencies is only possible by keeping in constant. view what is 
going on in other countries and what results have been obtained 
by our fellow workers who use a different tongue to express 
their results. This is not always easy, especially in view of the 


present national movements encouraging the employment of the. 


minor languages in the literature. 

It is my object to-night to place before you in the briefest 
way the tendencies of the studies of ore deposits as shown 
during the first seven years of the twentieth century. The 
nineteenth century closed a long series of notable efforts and 
advanced the science from an insignificant beginning to a posi- 
tion based on well fortified theories. In a way, the year 1900 
may be considered as marking the mile-stone in our progress, 
for during that year the prevailing theories found specially clear 
exposition at the hands of many observers. It was a year of 
equilibrium, so to speak, in which the adherents of the various 
theories were somewhat equally divided, and it will therefore 
be of interest to see what direction the general trend of thought 
has taken since that date. It is not my intention to relate the 
history of the theories of ore deposition. This has been ad- 
mirably done by Mr. S. F. Emmons in a recent presidential 
address before the Geological Society of America. 

The study of ore deposits was first inaugurated and put 
on a scientific basis in Germany, and that country has ever 
since maintained its proud position as one of the leaders in 
advanced thought. In the United States, aided by generous 
appropriations from federal and state sources, and, on the other 


hand, by the existence within our borders of a series of mineral 
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deposits remarkable no less for extent than for variety, the study 
of ore deposits has ever found a congenial place, and, it must 
be admitted that at the present time we stand at the head of the 
nations in extent of practical and theoretical investigations. We 
are also fortunate in possessing a body of mining engineers with 
sufficient geological training to appreciate and describe what 
they see. Germany undoubtedly comes next in general activity, 
though here the advance appears to be less due to state aid and 
to extensive work undertaken by government bureaus than to 
individual workers, generally those occupying chairs at the 
many German universities. The field in Scandinavia is not as 
broad as that of the United States, and is in fact largely con- 
fined to deposits of iron ores and to pyritic deposits, but never- 
theless Sweden and Norway have always held a prominent place 
in the study of mineralogy and ore deposits. In Austria and 
Hungary also are some able men advancing the work. In France 
and Italy there are comparatively few workers, perhaps only 
two or three of note in each of these countries, but they make 
up in their earnest and successful work for the lack of numbers. 
Considering the world-wide interest of England in the mining 
of precious metals throughout the world it seems rather singular 
that so little attention is being given to ore deposits by the geolo- 
gists and engineers of that country. It is true that there are 
notable exceptions to this, but with English mining engineers 
working in the most remote parts of the world it seems as if their 
contributions to the science of ore deposits is disproportionately 
small. On the other hand, the English colonies and dependencies 
have ever interested themselves deeply in the study of ore de- 
posits. In Australasia and Canada a great deal has been accom- 
plished, and many valuable reports are contained in the records of 
the state survey. In Latin America Mexico has taken the lead 
formerly occupied by Chile. American and German investigators 
have produced notable results in Brazil and the Argentine Repub- 
lic. Even Peru has awakened to the necessity of a geological 
study of its ore deposits, as shown by many recently issued 
bulletins. 
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Perhaps it would be best to consider first the mode of publi- 
cations in which the researches are contained. We are at once 
confronted by the fact that the United States leads in the number 
of monographic descriptions published. In other words, the 
geologist makes a thorough study in his particular field, and 
records his results with great detail, thus allowing others to 
judge whether his conclusions are justified. It is true that most 
of this work has been accomplished by the United States Geo- 
logical Survey and under the achievements in that line it is only 
necessary to call attention to the great number of monographs 
issued embracing the iron deposits of Michigan and Minnesota; 
the copper deposits of Arizona, and many districts in the gold 
and silver producing states in the west including Alaska. Such 
monographic work has indeed been undertaken by many other 
countries. I would especially call attention to the work in Aus- 
tralia, in Canada, and lately in Mexico, but the fact still remains 
that the majority of recent foreign publications are, as a rule, 
short articles based on observations made during travel or a 
few days study of deposits. However valuable such contribu- 
tion are in many respects the charge of superficiality may be 
laid against them, and it is especially easy for those who have 
strong tendencies in certain theoretical directions to find ample 
support for their theories by short and incomplete examinations. 

Special periodicals naturally follow the development of special 
branches of science, as the need for a central organ for exchange 
of ideas and presentation of new facts becomes apparent. The 
establishment of the Zeitschrift fiir praktische Geologie, fifteen 
years ago, was followed in 1905 by the foundation of Economic 
GEOLOGY, a second journal devoted exclusively to this branch. 
These are signs of health and vigorous growth, of stimulating 
interest and of desire for dissemination of knowledge. 

It is not necessary for me to enlarge upon the great advance 
in the study of ore deposits which has been effected by the appli~ 
cation of microscopic study of the rocks and ores. I think it 
is fair to say that great progress has been made during the last 
years in the universal appreciation of the necessity of such 
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microscopic study and the unreliability of observations which are 
not supported by such testimony. Aside, however, from numer- 
ous studies of minerals peculiar to ore deposits no new methods 
of much importance have been developed, except in one case. I 
refer to the application of metallographic methods to the study 
of opaque minerals, which has recently been brought out by Mr. 
William Campbell, and which has already yielded such excellent 
results in the study of Canadian occurrences. 

The geologist beginning his study of ore deposits is perhaps 
not at once deeply impressed with the necessity of chemical work. 
But this position is soon likely to change and he comes to recog- 
nize chemical work as absolutely essential. He then feels deeply 
his own insufficient knowledge of analytical chemistry and rea- 
lizes that the experimental work to support his deductions must 
be done by a professional chemist. Unfortunately it is most 
difficult to find chemists who are also interested in geological 
studies and who have means or opportunity to pursue them. 
All this has been recognized for many years, ever since the 
foundations of chemical geology were laid down by Bischof in 
the middle of the last century. Recent literature contains on the 
whole but little of such work. There are notable exceptions, of 
course, such as the work of Professor Arrhenius and of Professor 
Vogt on differentiation in magmas; the articles of Kohler on ad- 
sorption, which led to renewed work in this country should also be 
mentioned. Some work of this kind and of high character 
has recently been undertaken by Dr. Stokes and Dr. Sullivan. 
We are deeply indebted to Professor Doelter for the many re- 
searches in this line recorded in his books on mineral chem- 
istry. The fact remains nevertheless that both in this country 
and abroad there is far too little of this kind of research, and it is 
to be hoped that the future will see much of it on a systematic 
basis and with persistent effort. The experiments in the Car- 
negie Geophysical Laboratory and those of Professor Koenigs- 
berger of Freiburg; though not as yet directly connected with 
questions regarding ore deposits, promise splendid results. These 
experiments are carried out under high temperature and pressure 
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and chemists are unable to pursue this work without elaborate 
apparatus, but a vast number of questions remain which can be 
elucidated by ordinary chemistry. A subject, for instance, con- 
cerning which much uncertainty remains, relates to the formation 
of the various iron ores, hydrated and anhydrous, under surface 
conditions.’ 

As to the general method of study of ore deposits two ways 
are possible. We can either make a monographic study of a 
given deposit or group of deposits, considering them alone and 
tracing their origin and history by detailed observations. On 
the other hand, we can neglect in some degree the minor features 
of each deposit and instead study a great number of adjacent 
localities in their geographic and geologic relations. Two 
methods thus contrasted, the monographic and the geographic, 
have both been tried in the United States, but most weight has 
ever been laid on the monographic treatment. Undoubtedly the 
geographic treatment offers great possibilities, and it should be 
more emphasized in the future. At the present time in this 
country we are in the position of knowing a limited number of 
districts with great minuteness, but concerning the distribution 
of the metals and their connection with geological structure, the 
“ metallogenetic provinces’ of DeLaunay, our knowledge is in- 
sufficient. The most prominent advocate of this geographic treat- 
ment is at present Professor DeLaunay in Paris, and it is especi- 
ally emphasized in two of his publications. The first is a study 
of the mineral wealth of Africa, published in 1903; the second, 
published at the last Geological Congress in Mexico, a similar 
monograph of the distribution of mineral deposits in Italy and 
adjacent parts of France, Switzerland and Austria. In his own 
words DeLaunay “ desires to show the distribution of the vari- 
ous regional types of mineral deposits, and the accord of these 
types with the geological structure, with the age of the rocks, 
and with the eruptive districts.” Both books, and especially 


*The Chemical Abstracts published bi-monthly by the American Chemical 
Society since 1906 furnish an excellent opportunity of acquaintance with 
contemporary papers on the subject of chemical geology. 
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the latter, furnish much instructive reading, and the treatment 
could be followed with success in some of our publications. 
Mr. Spurr, in his Tonopah report, has also emphasized the 
necessity for geographic discussion of the distribution of deposits 
and speaks of “ metallographic provinces.”’ 

There is another subject which is of great importance in our 
science. I refer to the study of the hot springs, which modern 
investigation has so clearly shown to be the carriers of metals 
and the cause of many ore deposits. We know what has been 
done in the past and how stimulating have been, for instance. 
the researches of Becker of the Steamboat Springs in Nevada 
and at the Sulphur Banks, of California, but the fact remains 
that very little has been accomplished in recent years to further 
advance this line of study. The study of hot springs, particu- 
larly in the western states, should be undertaken not only from 
the monographic, but also from the geographic standpoint, and 
such treatment will be very likely to result in valuable generali- 
zations. It is true that numerous analyses have been made of 
individual springs, and sometimes also of spring deposits, but 
to be of value such examinations must be carried on with special 
precautions and great detail. Many interesting facts have been 
developed. I refer, for instance, to the discovery of cinnabar 
and gold in spring deposits of New Zealand; to the discovery of 
tin in certain hot spring deposits in the Malay Peninsula; and to 
the studies of the Doughty Springs of Colorado by Headden, 
showing the deposition of barite and the presence of radio-active 
substances. Dr. Delkeskamp in recent numbers of the Zcitsch- 
rift fiir praktische Geologie has undertaken a study of various 
mineral springs in Germany, but this work does not contain so 
much of new chemical research, but is rather based on old ma- 
terials. An effort in this line has been made by Jaquot and 
Willm, who some ten years ago issued a monograph on the 
mineral springs of France, accompanied by most instructive 
maps and tables showing the relation of the waters to the geo- 
logical structure. Unfortunately the work was not primarily 


undertaken from a geological standpoint. More recently De- 
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Launay issued a useful volume on hot springs, but the wide scope 
of the work in some degree impaired its value. 

Attempts have been made, as you know, to perfect a genetic 
classification of ore deposits, but it must be confessed that we 
are still far from the goal, and many editors of text-books 
candidly throw consistent genetic classification to the winds and 
describe ore deposits geographically, or by metals, or by the old 
terms of bedded, massive, or tabular deposits. Two genetic 
terms have, however, found general acceptance after their re- 
cent introduction by Stelzner and Beck. The terms are synge- 
netic and epigenetic. The former comprise those deposits which 
originate simultaneously with the surrounding rocks either 
through the differentiation of magmas, through mechanical de- 
position, or through chemical precipitation in seas or lakes. In 
the epigenetic deposits, on the other hand, the ores formed by 
filling or metasomatic action are later than the encasing rocks. 
During the last years many deposits have, by prevailing opinion, 
shifted their position in relation to these two genetic distinctions. 
A comparison of the older text-books with those of to-day will 
show this convincingly. 

In general the syngenetic class of igneous origin has grown 
considerably. As shown in recent papers by Lofstrand, Stutzer, 
and Sjogren the views as to the genesis of the enormous deposits 
of North Swedish apatitic iron ores have changed, and these ores 
are now with considerable confidence regarded as products of 
magmatic differentiation on a large scale, in part even as distinct 
eruptive dikes. It is only fair to say that among the older advo- 
cates of a sedimentary or igneo-sedimentary mode of origin, this 
view does not as yet find acceptance. The syngenetic class has 
also gained by the interpretation of certain pyritic deposits, such 
as the Sudbury ores as products of differentiation of igneous rock 
magmas. Coleman and Barlow have, as you know, recently 
described these deposits, but here too we find their views chal- 
lenged by a few geologists. 


On the other hand there exists today a very strong tendency 
to transfer many occurrences, formerly held to be of syngenetic- 
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sedimentary origin to the epigenetic class. A few examples will 
bring this more vividly before us. 

The copper and lead-bearing sandstones, shales, and conglom- 
erates have long attracted attention, and the consensus of opinion 
was that the metals had been precipitated through chemical 
agencies from the sea water. During the last few years, on the 
other hand, continued research has shown that they are much 
more probably epigenetic, that is that the minerals in their pres- 
ent position have been concentrated in the beds after the sedimen- 
tation, and this view is held not only by those who believe that 
the metals came from below carried by ascending spring waters, 
but by observers who think it more probable that they represent 
concentrations effected by surface waters. As illustrations of 
this tendency may be mentioned the recent paper by Dr. Stein- 
mann on the copper-bearing sandstones of Coro-Coro in Bolivia, 
in the Rosenbusch “ Festschrift,’ and an article by Levat in the 
Annales des Mines on the copper deposits of the French Congo. 
Still other examples are furnished by many lead-zinc deposits in 
limestone and by bedded barite deposits in the same rock. These 
are now generally regarded as epigenetic. 

Another case is that of the iron ores of Central Sweden. In 
the latter part of the nineteenth century the general opinion 
among Swedish geologists, and one which is still held by some 
of them, was that the magnetite deposits are of syngenetic sedi- 
mentary origin. Many of them occur in connection with lime- 
stone and with minerals like epidote, garnet, and pyroxene, and 
are contained in a dominant formation of so-called granulite or 
eurite, which is a fine-grained, partly schistose rock, consisting 
mainly of quartz and alkali feldspar. The prevailing view was 
that these occurrences represent an old, greatly metamorphosed, 
sedimentary series which originally contained beds of chemically 
precipitated iron ore, such as constitute the black bands and 
spathic ores of later geological periods. In 1894 Professor 
Sjogren shifted his position and advanced the view that perhaps 
some of them were of metasomatic origin. In 1903 Professor 
DeLaunay summed up the question in a comprehensive article 
in the Annales des Mines, in which he expresses the view that 
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the middle Swedish iron deposits are metamorphosed strata of 
sedimentary ores and that the granulite is perhaps an altered 
limestone. Professor Vogt shares this general opinion. In 
1906 Mr. H. Johansson began a series of papers (not yet com- 
pleted) on the origin of the middle Swedish iron ores. He at- 
tacks the problem from the standpoint of modern petrography 
and modern views of metamorphism. His conclusion, startling 
to the adherent of the old views, is that most, if not all, of the 
ores are products of magmatic differentiation. The most recent 
opinions of Professor Sjogren were set forth at the May meeting 
of the Geological Society of Stockholm, in 1906, and have lately 
been published in the transactions of the Institute of Mining 
Engineers. Partly accepting the views of Mr. Johansson he 
holds, however, that some of the ores are of metasomatic origin 
and have been produced in a deep zone of the earth’s crust 
through the replacement of limestone by solutions containing 
iron. He also holds that these solutions were of magmatic 
origin. 

Still another example of a change in genetic classification is 
furnished by the pyritic deposits, for many years favorite battle 
grounds for mining geologists. Some twenty years ago it was 
generally believed that these large masses of copper-bearing 
pyrite, generally encased in amphibolite or in clay slates, were of 
true sedimentary origin. We still find defenders of this theory, 
but their number is rapidly diminishing. Perhaps the most 
notable supporter of the syngenetic view is Professor Klockmann 
in Germany. He holds, for instance, that the large ore bodies 
of Rio Tinto in Spain have been caused by the accumulation of 
pyritic concretions in a plastic shale mud charged with the chem- 
ical constituents of the pyrite. The origin of the iron and sul- 
phur is sought in submarine flows of volcanic rocks. In a some- 
what similar way he would explain the Mansfield copper shales, 


the lead-bearing sandstones of Mechernich, and many other 
deposits. 

Professor Bergeat of Clausthal maintains the same origin for 
pyritic masses. He is especially certain that the beds of Rammels- 
berg are formed by sedimentation, and, although not quite as pro- 
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nounced in his opinion as Professor Klockmann, inclines to the 
belief that all of the pyritic deposits are of a similar nature. 

On the other hand, the prevailing trend of modern thought is 
unquestionably away from these views. Beck advocates unhesi- 
tatingly an epigenetic origin through ascending solutions for the 
majority of these deposits. Gregory has lately in a careful de- 
scription of the Mount Lyell mines in Tasmania strongly main- 
tained an origin by ascending solutions. The recent literature 
in the Zeitschrift fiir praktische Geologie contains many articles 
on pyritic deposits, and in the majority of cases the epigenetic 
features are strongly insisted upon. You are no doubt aware 
that Professor Vogt, of Norway, holds similar and still more 
radical opinions, thinking, in fact, that most of the pyritic depos- 
its are products of magmatic differentiation. Comparatively 
few have followed him along these lines, but it is perfectly evi- 
dent that those who have studied the questions from the stand- 
point of modern views of metasomatic action and by modern 
petrographic methods have in most cases become convinced that 
these deposits are formed by replacement of the rocks in which 
they occur. The pyritic deposits in the United States which 
have been most extensively studied are those of the western 
states. Metasomatic action has been clearly proven in many 
cases, and it has been shown how the structure of the transformed 
rock may be preserved in the pyritic product. 

Among the undeniably epigenetic classes of vein deposits com- 
paratively less work has been done abroad. Notable recent pub- 
lications are those of Mr. McAlister on the Cornwall veins, pub- 
lished by the Geological Survey of England, the description of 
the Bendigo gold veins by Mr. Dunn, and especially the mono- 
graph on the Ballarat veins by Professor Gregory. With what 
has been accomplished in this country you are so fully conver- 
sant that I only need to briefly recall the volumes on the contact 
metamorphic and vein deposits of Arizona copper ores, and on 
the gold-bearing fissure veins of Cripple Creek by Lindgren and 
Ransome, the work on similar replacement ores at Bingham by 
Boutwell, the examination of Tonopah and Goldfield fissure veins 
by Spurr and Ransome. 


754 WALDEMAR LINDGREN 


Our knowledge of the contact metamorphic deposits is con- 
stantly widening. From being considered oddities or exceptions 
they have acquired their rightful and important position. The 
papers of Professor Kemp have largely contributed to this. In 
a recent paper Mr. Fukichi describes twenty-four such deposits 
from Japan. 

Correct ideas on metamorphism will ever help us in achieving 
true explanation of ore deposits. The great work of Van Hise 
on metamorphism, published in 1904, and the work of Gruben- 
mann, which appeared in 1904 and 1907, place for the first time 
the study of the metamorphic processes on a thoroughly scien- 
tific basis. Few ideas have been more fruitful than the concep- 
tion of the several zones of the depths, each distinguished by its 
prevailing set of chemical reactions and by its own set of min- 
erals. With proper limitations these conceptions can be applied 
most successfully to ore deposits, especially when we endeavor 
to ascertain the laws in accordance with which mineralogical 
character and depth of deposition are related. Wherever studies 
of the mineralogical and other essential characteristics of depos- 
its can be made in connection with approximately accurate esti- 
mates of the thickness of cover eroded away since the ores were 
primarily deposited, such investigations will lead us far towards 
a true insight into mineral deposition. DeLaunay was perhaps 
the first to follow this line of reasoning in an important article 
published in 1900 on “ The Variation of Metalliferous Veins in 
Depth.” 

The same principles have lately been applied in our own coun- 
try. It has been shown that veins formed under various condi- 
tions are distinguished by different mineral combinations, and 
that veins formed under high temperature and pressure contain 
minerals considered characteristic of contact metamorphic de- 
posits. 

I need only to refer in passing to the absolute necessity of 
careful researches into the nature of the metasomatic transfor- 
mation which the rocks encasing epigenetic ore deposits have 
suffered and to point out that this has always seemed to be most 
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appreciated in the United States, as shown by the recent work 
of Mr. Spurr at Tonopah and Mr. Ransome at Goldfield. 

Historic geology has its counterpart in our branch of the sci- 
ence. The various epochs of formation of mineral deposits 
should be distinguished, and this mode of division, too much 
neglected in the past but full of latent possibilities, has been em- 
phasized during recent years by DeLaunay, Lotti, and also by 
American observers. 

Naturally, perhaps, we lay stress on the processes of first de- 
position, but it is well to remember that in the majority of cases 


‘our mines are working on ores resulting from the rearrangement 


and often from the concentration of the originally deposited 
material. It is surely not necessary to recall the important ad- 
vance in our knowledge of these processes made by the almost 
simultaneous announcement in 1900 by Emmons, DeLaunay, and 
Weed of the secondary sulphide concentration. In our litera- 
ture on this subject there is perhaps some confusion of terms in 
the employment of the words primary and secondary, and it is 
always advisable to be precise in the use of these expressions. , 
DeLaunay employs the term “ remise en mouvement” for the 
general secondary changes in ore deposits, which perhaps could 
be best rendered in English by migration. This migration may 
be effected by new supplies of ascending waters, but more gener- 
ally descending surface waters are the agents. Much attention 
is given to these migrations in recent literature; Krusch in the 
Zeitschrift fiir praktische Geologie of 1906 sums up the available 
data and seeks to establish criteria for minerals of primary and 
secondary deposition. It must be confessed the two are often 
difficult to distinguish, as in Butte, for example. Changes in 
the primary vein deposits in depth are known to exist, and the 
whole subject needs more study. At present secondary sulphide 
deposits of chalcocite, bornite and rich silver ores are well proved. 
Much less general seem to be the secondary sulphides of lead, 
zinc and iron. Gold-being soluble with difficulty migrates very 
slowly, but will do so if given abundant geologic time. 

In the preceding remarks I have confined myself to chemical 
and mineralogical features of ore deposits. It is unnecessary to 
say that this comprises only half of our work. The form and 
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structure of the deposits should of course be recorded for theo- 
retical as well as for practical considerations. With more or 
less success this is always attempted. As examples of recent 
good work in this direction I should like to call your attention to 
a remarkable book issued in 1903 by the Austrian government 
on the metasomatic lead-zinc mines of Raibl; it contains about 
seventy excellent chromo-lithographs of particularly good ex- 
posures of the deposits as recorded by the government engineers. 
The recent Victorian reports on Bendigo and Ballarat veins are 
also models in this respect. Still another is shown in Spurr’s 
treatment of the faulting of Tonopah veins. 

But after we are done with the description of our deposits and 
with the explanation, if attainable, of its manner of mineral for- 
mation, the question of its ultimate origin always remains, that 
most difficult and unsatisfactory chapter to write, since it is in 
part based on hypotheses and suppositions. Whence came these 
solutions, these carriers of the rarer metals? Aqueous deposi- 
tion is universally accepted for the epigenetic deposition. We 
are all familiar with the theory of circulating and depositing or 
surface waters whose ablest exponent is Van Hise, and which 
found almost universal approval in the last years of the nine- 
teenth century. The metals contained in the reascending sur- 
face waters were held by Stelzner to come from “ indefinite 
depths,” by Posepny to be extracted from the “ barysphere,” by 
Sandberger from the wall rocks of the deposits, by Van Hise 
finally by gradual solution of minute traces in the rocks during 
the descent of the waters. 

Towards the close of the nineteenth century the brilliant sug- 
gestions of Elie de Beaumont of metal-bearing solutions sepa- 
rated from cooling magmas, dormant through many years and 
counting only a itew not very aggressive adherents in France, 
seemed to rise from the past and were espoused in a spirited 
manner by Professor Vogt. Shortly afterwards, during the first 
years of this century, American observers began to give consid- 
eration to it. The geologists of the Cordilleran region took it 
up with enthusiasm, as it seemed to explain so many of the ques- 
tions which confronted them in a field where later metamor- 
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phic action had not dimmed the picture of the intimate and 
undissoluble connection of the precious metal deposits with the 
igneous rocks. 

And so, in the study of genesis, the most remarkable tendency 
during the last few years has consisted in this rapid and wide- 
spread, though not unanimous acceptance of the magmatic 
theory, according to which all igneous magmas contain water 
and dissolved metals which upon the ascent of the magma into 
a zone of lessening pressure are given off, penetrate the sur- 
rounding rocks, and ascend to the surface as thermal springs. 
The results would in consecutive order consist of: (1) Product 
of igneous differentiation in the magmas, (2) contact deposits 
at the point where the volatile substances left the magma, (3) 
deposits by magmatic waters on their way to the surface at 
greater or less distance from their point of origin and more or 
less mixed with surface waters. The theory that many hot 
ascending waters and much of their dissolved substances are of 
magmatic origin has been supported by some of the ablest men 
in geology, notably by Professor Suess. In recent papers Dr. 
Delkeskamp has attempted to establish criteria for the separa- 
tion of the magmatic, or plutonic waters as many call them, 
from those of surface origin. It is impossible to peruse the 
literature of any country of the last few years without notic- 
ing the remarkable spread of this idea. It seems to pervade 
the whole atmosphere of research in economic geology, and finds 
expression among the workers from all countries. Perhaps it 
is most clearly expressed in the recent text-books. I refer first 
to the third edition of Professor Kemp’s book on the ore deposits 
of the United States and Canada. Further to the somewhat 
later volume on mineral deposits by Professor Beck of Frei- 
berg (translated by W. H. Weed), whose attachment for this 
theory and for the epigenetic mode of origin of most ore deposits 
is well known. The just completed hand-book of Professor 
Bergeat, based on Stelzner’s earlier work, advocates magmatic 
origin for contact metamorphic deposits and for a large group 
of veins, although, in regard to the plutonic origin of mod- 
ern springs, it still occupies a non-committal position. On 
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the other hand, it is to be noted that this author strongly op- 
poses this mode of origin as applied to pyritic deposits and 
many others of the so-called bedded deposits. Beck, although 
an ardent supporter of the igneous theory, finds himself unable 
to accept such an origin for the Middle Swedish iron ores, and 
it should be noted that Vogt himself, in spite of his predilection 
for magmatic theories, believes that this class of deposits were 
formed by original sedimentation. As explained above, other 
men have recently re-opened the argument and hold that here 
also igneous processes have been active. 

Among other text-books issued during the last few years we 
note that of Professor Ries, in which the igneous origin finds 
strong appreciation. Another is a volume recently published by 
Mr. Lotti, with special consideration of Italian occurrences. In 
this book the genetic system is unhesitatingly adopted, and the 
principal ore deposits are regarded as due to the emanations of 
igneous magmas. An account of mineral deposits with special 
regard to Australian occurrences has recently been written by Mr. 
Park, of New Zealand, and here again we find this same theory in 
the ascendency. 

One of the most convincing arguments for this mode of 
origin is contained in the recent papers by K. Dalmer on the 
distribution of deposits in Saxony. He shows the close genetical 
relation of the ore deposits to the intrusive granite in that 
country, and, a most important point, the transition of the cas- 
siterite veins, for which the magmatic origin seems generally 
to be accepted, to those of the pyritic lead formation, which for 
a long time were held by Sandberger to be examples of lateral 
secretion. 

Again, it will be unnecessary to go into details of the ten- 
dency of opinion in this country. We are all aware of the 
decided leaning in this direction exhibited by the late monographs 
on Cordilleran ore deposits. Perhaps the most cogent argu- 
ments for this mode of origin have been advanced in the recent 
monograph on Cripple Creek, at which place a magmatic origin 
is indicated with especial clearness. 

In his great volume on metamorphism, issued in 1904, Pro- 
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fessor Van Hise gives large space to the origin of ore deposits 
and his views represent plainly the present standpoint of the 
believers in the efficacy of atmospheric waters as originators of 
the greater number of ore deposits. While he recognizes that 
magmas contain waters and metals and that they are given off 
under favorable conditions near the contacts, he denies the pro- 
priety of referring the hot springs in volcanic districts to a mag- 
matic origin, and believes that circulating surface waters have 
dissolved and re-deposited the metals contained in minute traces 
in the igneous rocks. It should be noted that Professor De- 
Launay occupies a somewhat similar position. As expressed 
in his recent book on mineral springs he follows Daubree in 
believing that most hot waters are of superficial origin, even 
where they occur in connection with igneous rocks. While not 
denying that volatile elements, such as carbon dioxide, arsenic, 
sulphur, etc., are derived from the magmas, yet he holds that 
the water is probably of superficial origin. It is an odd re- 
lation that the teachings of Elie de Beaumont should find but 
a partial acceptance in his own country, while in a modified form 
they have spread all over the world. 

Perhaps the adherents of the magmatic theory go too far in 
some cases, as always happens in a new swing of opinion towards 
fresh and attractive views, but I believe it is safe to say that 
this theory has come to stay and that this and no other satisfac- 
torily explains many ore deposits. Far be it from me to deny 
the power of surface waters, especially when somewhat heated 
by long underground passages, to dissolve and deposit material, 
and their work of concentrating metallic values is surely most 
efficacious in porous sedimentary rocks. Furthermore, it must 
be remembered that the magmatic waters constantly mix with 
those from the surface and that, as pointed out by many ob- 
servers, this is one of the most potent causes for precipitation. 

The work of Dr. Lane on the waters in the deep mines of 
Michigan has changed our views of the deep-seated rock mois- 
ture in showing that it consists chiefly of strong solutions of 
chlorides, and, with this in view, attention should be directed to 
the mineralizing and especially the dehydrating power of such 
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solutions. The experiments of Ochsenius published by the Ger- 
man Geological Society in 1905 form a beginning to such re- 
searches. In papers published in the same transactions a couple 
of years ago Hornung gives great prominence to such solutions 
as an agency of ore deposition, especially in the case of veins 
containing specularite. He holds also that the Mansfeld copper 
shales and other deposits within the salt-bearing formations of 
northern Germany are due to the action of such chloride solu- 
tions. 

The prevailing theoretical tendencies of the present day may be 
summed up as follow: We unanimously agree in seeking the 
ultimate source of the metals in the igneous rocks. We say that 
the rarer metals and other substances in aqueous solution ema- 
nate from the magmas during and after their irruption into 
higher levels of the lithosphere, and that minerals containing 
these metals are deposited along the pathway of the waters. We 
assert that heated atmospheric waters may search the congealed 
rocks, abstract from them a part of the small residues of the valu- 
able metals and deposit them along their channels. We say 
further that metamorphism, when acting upon these igneous 
rocks, is a potent factor in favor of further concentration, aided 
by the moisture contained in the rocks. 

We say finally that as erosion degrades the volcanic mountains 
and their ore deposits, and the fragments are carried down to 
form sedimentary beds, the heavy native metals such as gold 
and platinum, are concentrated into placers, and the baser metals 
are distributed as salts of various kinds throughout the beds. 
Atmospheric waters take up these particles into solution, and, 
aided by the influence of sulphur compounds and organic matter, 
concentrate the deposits in congenial places. Ore deposits of 
value resulting from chemical precipitates in sea or lake water, 
form only in case of abundant metals like iron. It is possible 
that in this summing up is reflected too much of my own indi- 


vidual opinion, but I believe that it represents fairly the general 
trend of modern thought. 
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ON THE ASSOCIATIONS AND ORIGIN OF THE 
NONTITANIFEROUS MAGNETITES IN 
THE ADIRONDACK REGION. 


Davin Hate NEWLAND. 
INTRODUCTION. 


The rounded area of Precambric crystalline rocks that may 
be comprehended under the name Adirondack region is divis- 
ible for considerations of economic geology into two portions 
which correspond with the unequal distribution of the rock for- 
mations. The core of the region is made up of a great mass 
of basic plutonic rocks situated to the east and somewhat north 
of the central part and including about 1,200 square miles. 
Within this area titaniferous magnetites are the only mineral 
deposits of known importance. The surrounding region, which 
has a surface of over 10,000 square miles, is made up mainly of 
metamorphosed sediments and local igneous intrusions of acidic 
nature; it contains the nontitaniferous magnetites, as well as 
other valuable minerals including hematite, garnet, graphite, 
pyrite, feldspar, talc, etc., in workable bodies. 

The nontitaniferous magnetites are aggregated along the mar- 
gin of the northern half of the region. They have been mined 
at a great number of localities, operations having been carried 
on during the whole of the last century, with few interruptions, 
and have furnished a total of over 35,000,000 tons of iron ore. 
The greater part of the present output consists of concentrates 
made from phosphoric and lean ores formerly of little value. 
The resources of this character are extensive. With the falling 
off in the iron content of Lake Superior ores in recent years, 
these concentrates have been eagerly sought by eastern furnaces 
as a basis for mixture, since they have a constant average of 
about 65 per cent., while the low phosphorus and Bessemer 
grades which are also produced find a ready market. 
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Fic. 80. Sketch Map of the Adirondack Region showing Iron-Ore 
Deposits. 


GEOLOGY. 
GEOLOGICAL HISTORY. 

The geological history of the region is exceedingly complex. 
Its study and interpretation have progressed materially only 
during the last decade since the inauguration of a consistent plan 
of field work by the New York State Geologist. A large as- 
semblage of facts relating to the character and succession of 
the formations has been made, chiefly by H. P. Cushing, J. F. 
Kemp and C. H. Smyth, Jr. The preparation of detailed areal 
maps is now under way. 

Of the various formations represented, only those of Pre- 
cambric age have any direct bearing upon the magnetites and 


need to be considered here. It may be mentioned, however, 
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that the area is completely bordered by Paleozoic strata, ranging 
from the Potsdam sandstone to the Utica shale, which also occur 
occasionally in the interior as small disconnected patches. A 
time interval of long duration ensued after the metamorphism 
of the Precambrics, during which the region was levelled off be- 
fore it began to be submerged beneath the Paleozoic sea. Glacial 
materials are everywhere present, mantling even the slopes of 
the highest mountains. 


GRENVILLE SERIES. 

So far as known the oldest rocks of the Adirondacks are 
represented by a succession of crystalline limestones, banded 
hornblende and biotite gneisses, pyritic and garnetiferous schists, 
amphibolites and quartzites. They are unequally distributed, 
usually as belts interfolded with the other formations. They 
are undoubtedly ancient sediments and have been correlated with 
the similar series of Grenville rocks in Canada. Little has been 
learned as to the thickness of the series, or the relative order 
of their occurrence; and though there must have been a base- 
ment on which they were deposited, it has not thus far been 
discovered. 

IGNEOUS INTRUSIONS. 

The ‘plutonic rocks can be divided into four great groups: 
Anorthosite, gabbro, syenite and granite. 

Anorthosite—The anorthosite appears to have been the first 
in time. It occupies nearly all of the central area above men- 
tioned. Though normally a practically pure labradorite rock 
of porphyritic habit, not infrequently the ferromagnesian min- 
erals assume such importance that it would be classed as a gabbro 
or norite, to which there is likewise a resemblance in texture. 

Gabbro.—Aside from such gabbroic phases of the anorthosite, 
there are separate intrusions of gabbro as dikes and _ bosses, 
cleariy of much later date. They occur mainly in the central 
part, and are scarcely represented at all in the southern and 
western Adirondacks. 

Syenite.—The Adirondack syenite constitutes a peculiar va- 
riety of that rock and was not recognized as such until recently. 
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With its dioritic phase, it may be said to occupy a middle place 
between the gabbros and granites. Green augite, with ac- 
cessory hypersthene and hornblende, and magnetite are the dark 
constituents. The feldspar is prevailingly microperthite, though 
orthoclase and oligoclase are generally present. On fresh sur- 
faces the color is green, varying from light to dark shades. 
When there is a considerable proportion of the dark minerals, 
the rock resembles the gabbros so closely as to be indistinguish- 
able in hand specimens. With the increase in these minerals 
there is likely to be also a change in the feldspar, shown by the 
preponderance of plagioclase. It is not apparent, however, that 
the syenite actually merges into gabbro, the evidence tending to 
show that the two belong to separate periods of intrusion. 

Granite.—Granites with their derived gneisses, are perhaps 
the most frequent of all the plutonic rocks. Over large areas 
they are the only igneous formation present. They are pre- 
vailingly grayish or reddish in color. Feldspar and quartz 
always predominate and may constitute nearly the entire mass. 
Hornblende granite seems to be more common than the mica 
varieties, while augite granite occurs as a variation of the 
syenite. The granites apparently are of different ages. 

Gneisses.—All of the intrusives named are found with lami- 
nated and cataclastic textures, perfectly massive varieties being 
the exception. In regions where compression and crushing have 
been extreme, the resultant gneisses present very difficult prob- 
lems to the field geologist, and more since they are often inti- 
mately involved with the sedimentary gneisses. 

Gneisses of Doubtful Relationships—There are some areas 
in the Adirondacks underlain by gneisses that have not yet been 
demonstrated to belong with either of the foregoing groups. 
Professor Cushing has called attention to a belt on the northern 
border, composed mainly of red quartzose gneisses and gray 
feldspathic varieties, with interfolded lenses of dark hornblende 
gneisses or amphibolites. There are few exposures of the Gren- 
ville throughout the belt which is some seventy miles long. 

Professor Cushing! is inclined to regard the series as older 


‘Geology of the Northern Adirondack Region. Bulletin 95, N. Y. State 
Museum. 
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than the recognized intrusives and has proposed to group them 
tentatively under the name of Saranac formation. It is prob- 
ble that if there is anywhere a remnant of the basal rocks, it 
will be found in this group. Yet a part of the formation un- 
doubtedly consists of igneous derivatives as the writer has found 
in examination of the areas around Lyon Mountain and Arnold 
hill where there are granitic cores of massive and even porphy- 
ritic character, resembling in all respects the normal intrusives. 

Dike Rocks.—Diabase dikes are frequent in the eastern and 
northern Adirondacks and are often encountered in the mines. 
They are the freshest of the igneous rocks, having been intruded 
in late Precambric time. They may mark lines of faulting, 
though the displacements that occur along them are usually 
small. 

THE ORE DEPOSITS. 
CHARACTER OF THE MAGNETITES. 

The nontitaniferous magnetites exhibit a wide variety of com- 
position. The lean ores are disseminations of magnetite in the 
country rocks, and contain quartz, feldspar, pyroxene, hornblende, 
etc., in greater or less amount. From these impure aggregates 
may be traced a series of gradations into pure magnetite. The 
richest ores carry 60 to 70 per cent. Fe. They are obtained prin- 
cipally at Mineville, though the Hammondville and Arnold hill 
mines have supplied considerable quantities in the past. Ores 
with less than 50 per cent. Fe are generally too refractory for 
direct smelting; their utilization depends upon concentiation to 
which they are very adaptable in most cases. The lowest grade 
of milling ore carries about 35 per cent. Fe. 

According to the percentage of phosphorus, the magnetites 
may be divided into low-phosphorus, Bessemer and_high- 
phosphorus grades. In some localities, Mineville, for example, 
Bessemer and high-phosphorus ores have been produced from 
contiguous deposits, but generally the ores from one locality show 
a fair degree of uniformity in respect to phosphorus. The bulk 
of the low-phosphorus ores has come from Lyon Mountain where 
concentrates are made that carry about .008 per cent. with 65 
per cent. Fe, a grade that competes with the best of foreign ores. 
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The crude non-Bessemer magnetites carry as much as 2 per 
cent. P, corresponding to 10 per cent. apatite which is the con- 
taining mineral. 

Admixture with pyrite and more rarely pyrrhotite is the source 
of the sulphur in the ores. The part played by these minerals 
seems to depend primarily upon the geological associations of 
the ore bodies, the existence of more than a fraction of one per 
cent. or so of sulphur is limited to the deposits found in the dark 
gneisses and schists of the Grenville which are themselves im- 
pregnated with pyrite. When the wall rock is an acid variety 
corresponding to granite or syenite in mineral composition, pyrite 
is a very subordinate constituent 

Local variations in the ores may arise from the association of 
pegmatite carrying magnetite in quantity to make it valuable. 
The pegmatite has an additional interest as a source of well- 
crystallized and rare minerals. 

Alteration of the magnetites may give rise to pseudomorphic 
hematite or martite. This mineral occurs -sparingly in several 
deposits but in quantity only on Arnold hill where the so-called 
“blue veins’? are almost pure hematite. In the immediate 
vicinity are bodies of unchanged magnetite, so that the alteration 
seems to have been brought about by a local agency, probably 
underground waters circulating along conveniently disposed fis- 
sures or faults. 

FORM OF THE ORE BODIES. 

In general the deposits have a much greater extent parallel 
to the strike and dip of the enclosing rocks than at right angles 
thereto and show a lenticular form in cross-section. In some 
cases they are so prolonged on the line of strike that they are 
better described as tabular bodies, forms that have been held to 
be indicative of stratified arrangement. The greatest variations 
from these forms are found in the eastern Adirondacks. There 
the ore bodies often exhibit a complexity of pinches, swells and 
compressed folds that afford puzzling structural problems. 


There can be no doubt that the form assumed by the ore bodies 
is conditioned by the structures of the enclosing rocks. When 
the latter are foliated to an extent that permits observations of 
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dip and strike, the contours follow closely the changes, even the 
subordinate ones. The ores consequently must have been de- 
posited before the regional metamorphism took place, or at least 
before the rocks received their present structural arrangement. 
They have passed through all the vicissitudes of squeezing and 
deformation impressed upon the walls. 


GEOLOGICAL OCCURRENCE OF THE DEPOSITS. 

There is no single rock type or formation characteristic of the 
magnetites as a whole. The wall rocks in the different localities 
include almost the entire range of Adirondack formations, the 
basic igneous ones excepted. Acidic gneisses of igneous char- 
acter constitute the country rock of the Clinton county mines, 
all of which occur within the great gneiss belt of the Saranac 
formation. At Lyon Mountain the ore is nothing more than a 
dissemination of magnetite in a zone of the country rock which 
here is a massive variety containing microperthite, oligoclasse, 
green augite, hornblende and quartz. The zone has been traced 
for six miles and ranges from 20 to 200 feet wide. It is divided 
into two or three parallel bands at times by intercalations of wall 
rock into which the ore shades off at the sides. The average ore 
as mined carries 50 to 60 per cent. magnetite, the rest being rock 
matrix. Mineralogically the wall rock lies on the border between 
the granites and the syenites, while local phases may have the 
composition of either. It is interfolded with bands of hornblende 
schist which it has penetrated and more or less absorbed into its 
mass. Pegmatite of the same composition occurs in great 
abundance, but rarely in dike form. 

The numerous deposits centering around Arnold hill and Pal- 
mer hill in southern Clinton county are not materially different. 
The Palmer hill locality has interest, however, from the fact that 
the ore and rock at times carries a proportion of fluorite as an 
intercrytallization with the other components. Its presence can 
hardly be explained except by pneumatolytic action in the cooling 
of an igneous mass. Fluorite is a quite common mineral in the 
magnetites elsewhere, but its occurrence is limited so far as 


observed to pegmatite and vein material. The country rock is 
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uniformly an alkali-feldspar quartz aggregate, rich in magnetite 
and carrying augite, hornblende or biotite as ferromagnesian min- 
erals. Massive varieties are frequent. 

In the important Mineville group of Essex county, the ore 
bodies are closely associated with augite syenite of the usual 
Adirondack type. Recent explorations conducted by drilling have 
shown the syenite to underlie the main deposits in what seems 
to be a continuous mass. The rock is of greenish cast, normally 
composed of microperthite, augite, hornblende and magnetite, 
but, through the addition of quartz and shrinkage of the ferro- 
magnesian minerals, passes into a lighter grayish or reddish rock 
much like the varieties found in Clinton county. The latter type 
forms the hanging wall of the Old Bed mines, the largest in the 
Adirondacks. Its relations to the underlying syenite, as well as 
the apparent differentiation of the syenite into a dioritic phase 
that occurs in close relation to the Barton hill group have been 
described by Professor J. F. Kemp in an article soon to be pub- 
lished." 

A basic type of augite syenite constitutes the walls of the mine 
near Salisbury, Herkimer county, being a part of the intrusives 
in that region which reach southward from the Adirondacks into 
the Mohawk valley. The dark minerals (augite, hornblende and 
magnetite) constitute about 75 per cent. of the rock in immediate 
contact with the ore but away from the latter there is a gradual 
change into the normal syenite. 

The occurrence of magnetites in the Grenville gneisses and 
schists is characteristic for the St. Lawrence county mines, as 
well as for some in southern Essex county, notably around Crown 
Point. Compared with the above described deposits, their most 
striking peculiarity is the association of pyrite which brings the 
sulphur content up to considerable proportions and has been a 
drawback to their development in the past. The pyrite is very 
likely due to original organic matter in the sandstones, shales 
and limestones from which the present rocks have been derived. 
The widespread occurrence of graphite in the same series is note- 
worthy. 


*TIncluded in a report on the Adirondack magnetites under publication hy 
the New York State Museum. 
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At Benson Mines, St. Lawrence county, the magnetite body is 
an impregnated zone in a quartzose banded gneiss that contains 
sillimanite and scapolite in addition to feldspar. The dark min- 
erals are hornblende, biotite and augite. Garnet and pyrite are 
richly represented in places. The alternation of light and dark 
bands corresponding to variations in the mineral proportions is a 
prominent feature, suggestive of original changes in sedimen- 
tation. 

The Clifton mines north of Benson and those near Fine are 
found within a black hornblende schist that contains interbedded 
layers of crystalline limestone. _ This rock occurs in force as the 
wall of one of the openings at Clifton. 

At Jayville, west of Benson mines, the Grenville series is in 
evidence, though here the ore bodies and walls (hornblende- 
biotite schist) have been invaded from below by a later horn- 
blende granite whick has broken up what was apparently a con- 
tinuous bed into numerous lenses and shoots that seem to have 
given out in depth after passing the limits of the schist. The 
effects of the invasion are noticed in the coarse crystallization 
of the magnetite and in the formation of interlocking masses of 
hornblende as well as abundant titanite. Pyrite is much less 
abundant than is usual with the ores found elsewhere in the 
Grenville. 

ORIGIN OF THE MAGNETITES. 

The association of the magnetites with both igneous and sedi- 
mentary formations must be obviously considered in attempting 
to explain their genesis. 

For the occurrences in the midst of plutonic masses, which 
have been found to be the prevailing type in the eastern Adi- 
rondacks, there would seem to be no escape from the con- 
clusion that the ores have originated within the wall rocks them- 
selves. The precise manner in which they were brought into 
their present position may have varied in different localities. 
Magmatic differentiation was probably an important factor in 
the early stages and may account for the whole course of their 
development in some cases. Yet the occurrence of fluorite, 
apatite, hornblende and other minerals of this class, intercrystal- 
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lized with the magnetite, cannot be disregarded, nor the frequent 
accompaniments of pegmatite and vein quartz, all of which are 
suggestive of mineralizing agencies. Gaseous and water circula- 
tions set up by the cooling of the rocks have no doubt helped to 
assemble some of the ore bodies, like those of Palmer hill, Mine- 
ville and Lyon Mountain. 

The application of the principle of magmatic segregation to 
ore bodies in rocks of syenitic and granitic composition may be 
questioned by some investigators, but in the present case there is 
valid evidence for its support. The rocks of the Adirondacks 
contain a large excess of iron over the amounts combined with 
the lime and magnesia in the form of silicates. In a recent re- 
port, Professor Cushing’ has published the results of chemical 
and mineralogic analysis of granites and syenites from a number 
of localities. With silica percentages ranging from 54.10 per 
cent. to 68.50 per cent., the amounts of magnetite present as such 
vary from a maximum of 6.57 per cent. to a minimum of 1.58 
per cent. The relative proportions of free iron, which would 
seem to be the important element to be considered, compare with 
those found in the gabbros and anorthosites. With 5 per cent. 
magnetite in the rock a concentration of 10:1 would produce the 
leaner ores that are mined in the region. 

Taking the titaniferous deposits into account, as well, a con- 
tinuous series can be established for the igneous rocks from the 
acid to the basic ends. In the first instance all may have come 
from a common magma. The fact of the intimate relation ex- 
isting between the intrusive rocks has been brought out by recent 
petrographic studies and there is reason for believing that they 
represent successive cleavages of a once continuous mass in the 
interior. The ores included by the acid and basic varieties differ 
mainly in their titanium content. In the silicious rocks the 
titanium has combined with lime and silica to form titanite which 
has been held mainly in the body of the mass. With the basic 
magmas, the silica has been entirely taken up by the feldspathic 
and ferromagnesian constituents, and the titanium consequently 
has united with the iron and become concentrated with it in the 


‘Geology of the Long Lake Quadrangle. Bulletin 115, N. Y. State Museum. 
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ore bodies. The ores in the granites and syenites commonly 
contain a fraction of one per cent. or so of titanium in the form 
of titanite. 

The pyritic ores in the Grenville series belong of course to a 
separate class. They may be ascribed possibly to some process 
of chemical or mechanical sedimentation, such as has been pro- 
posed by different writers on the magnetites of the eastern United 
States, but the evidences presented in favor of that derivation can 
not be considered to have compelling force when applied to the 
Adirondack occurrences. The deposits are not so regular in 
form or persistent along definite geological horizons as one 
would expect of stratified bodies. The hanging and foot walls 
rarely show any marked differences of composition that could 
be referred to changes of sedimentation. The thickness of some 
of the deposits is excessive when compared with known examples 
of bedded occurrences; the Benson body for instance measures 
over 200 feet across the strike and the country rock, judging 
from the results of magnetic surveys, must be mineralized over 
a considerably greater width. In general the deposits have no 
sharply defined bounds, but shade off at the edges, while they 
may wedge out or terminate quite abruptly at the ends. 

Though it is believed they are epigenetic deposits, the basis 
of known facts is so slender that any conclusion as to the precise 
mode of derivation must be largely hypothetical. The view that 
the ores were formed before the surrounding rocks had under- 
gone their final compression and folding appears reasonable, be- 
cause they have laminated textures and conform in their arrange- 
ment to the general field structures. Their introduction may 
thus have taken place before the period of general metamorphism, 
in which case it might have been accomplished by underground 
circulations, with limonite or carbonate replacing the original 
shales and limestones as the first step. The presence of organic 
matter in the beds, indicated by their content of graphite and 
pyrite, would exercise a reducing effect, favorable to the forma- 
tion of magnetite rather than hematite under the ensuing meta- 
morphic conditions. 


CERARGYRITIC ORES: THEIR GENESIS AND 
GEOLOGY. 


CHARLES R. KEYEs. 


Of the many anomalies of ore deposition presented by the dry 
regions of the Americas none has been so little understood as the 
great prevalence of the haloid compounds of the metals. The 
origin of this class of ores has been the subject of wide specula- 
tion. Some recent investigations in certain silver camps of the 
southwestern United States have furnished data for the solution 
of several of these most vexed problems. 

Representative of this class of ores the chlorides are the most 
important. Most common in occurrence is the mineral cerargyrite, 
known to the miner as horn-silver and to the chemist as silver 
chloride. Other ore minerals of the same group which are met 
with more or less frequently are: embolite, the grayish green 
chloro-bromide of silver; bromyrite, the bright yellow bromide 
of silver; and iodyrite, the pale yellow iodide of silver. Neither 
these nor any of the other haloid compounds of the metals besides 
the chlorides claim further attention in the present connection. 

Silver chloride ores have long been so important commercially, 
the manner of their origin so long obscure, and the geologic 
condition under which they form so generally overlooked, that 
any facts whatsoever bearing upon any of these phases of their 
occurrence are of great interest. Certain observations recently 
made in the Southwest are believed to throw considerable light 
upon some of the mooted questions concerning these ores espe- 
cially, and the haloid ores generally. 

Of the various hypotheses advanced regarding the genesis of 
the cerargyritic ores there are none thei have been at all satis- 
factory. Nor can any one of them be made to apply to all 
depositions of this class. There are manifestly several quite 


distinct modes of origin; and processes and conditions of one 
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region find no counterpart in those of another. Some general- 
izations, however, appear possible concerning the ores in ques- 
tion that occur in the American arid regions. 

The immediate source of the chlorine which has acted in the 
weathered zone has been the main factor requiring definite de- 
termination. While this particular point was not considered by 
him, Bischof’ early advanced the suggestion that silver chloride 
could be formed in the gossan through the presence, in solution, 
of small quantities of common salt in the circulating ground- 
waters. This explanation has been widely accepted without 
further question; but it is now quite manifest that it does not 
meet practical demands. It is a statement of a theoretical 
probability of chemical reaction, with no effort to look for what 
is even more important, the source of the chloridic materials. 

There are several suggestive hypotheses accounting for the 
direct formation of cerargyrite in ores, that deserve brief men- 
tion : 

1. Action of weak saline solutions on the native metal. This 
phenomenon is frequently observed in many mines situated in 
the American arid regions. <A thin crust of horn-silver is found 
covering masses of the native silver. Silver utensils from the 
excavations of ancient cities are often coated with the chloride, 
as has been fully described by Schertel? and others. Old silver 
coins unearthed frequently show similar surface changes. In 
nature the process can hardly have an important position as an 
ore-producer in quantity. 

2. Action of sea-water on vein outcrops, as urged by MOsta,® 
for the silver chlorides of Chili. Of similar import are Brauns’ * 
observations on the action of sea-water on the old slag heaps of 
the Laurium lead district of Greece. Other examples might be 
mentioned. Cases of this kind must be isolated and exceptional. 

3. Direct action of waters from saline lakes. This mode of 
formation has been emphasized by Penrose® to account for the 

‘Chem. Geologie, III. Bd., p. 808, 1866. 

* Jour. f. Prak. Chemie, III. Bd., p. 317, 1871. 

8 Vorkommen d. Chlor-, Brom- u. Jodverb, d. Silbers, 1870. 

*Chem. Mineralogie, p. 367, 1806. 

5 Journal Geology, Vol. I1., p: 314, 1804. 
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production of horn-silver in the arid regions of the Great Basin. 
The same idea, although differing somewhat in detail, is ex- 
pressed by Spurr’ regarding some of the Nevada ores of silver. 
Still another modification of the same suggestion is that of 
Ochsenius,? who postulates upraised saline lagoons that after- 
wards drained into the silver deposits below. This explanation 
is also given by Sandberger® for certain Peruvian ore deposits, 
particularly those of the Cerro de Huantajarya. 

The theory of saline lakes covering the sulphide deposits has 
very serious objections. The existence of former Quaternary 
and Tertiary salt lakes in many parts of the Great Basin region 
as a direct means of changing the ores of the gossan beneath into 
chloride form, as urged by Penrose* seems to be pure assumption 
and wholly untenable. Cerargyrite ores are usually in the moun- 
tains far above the highest level of any of these lake waters. 
Montane deposits are the only ones thus far exploited. The ore 
deposits if they ever existed at all beneath the lake-basins remain 
to be discovered. It cannot be postulated that the saline lakes 
formerly existed over the mountain ores. Nor can it be said 
that the rock-masses of the mountains have all been upturned 
since such hypothetical lakes existed. To be sure some of the 
Tertiary lake deposits, 3,000 to 4,000 feet in thickness, have been 
tilted and upraised to even greater heights, as for instance in the 
Funeral range, in California, but cerargyritic ores do not appear 
to be particularly plentiful there. 

4. Saline materials derived from the weathering of rocks, and 
introduced into the circulating underground waters, as recently 
incidentally suggested by Beck.® It has been shown by Berthier® 
that the waters of Creutznach, in Prussia, have acquired their sa- 
line contents in this way. Of similar significance are the observa- 
tions of Boussingault* on certain saline waters of the Andes that 


*“ Geology Applied to Mining,” p. 286, New York, 1904. 


* Die Bild. d. Natronsalpeters aus Mutterlaugensalsen, p. 51, Stuttgart, 1887. 


3 Neues Jahrbuch f. Mineralogie, 1874, p. 174. 
*Loc. cit. 


*“ Lehre von den Erzlagerstatten,” translated by W. H. Weed, Vol. II., p. 


375, New York, 1905. 
6 Annales des Mines, (1), t. XIIL, p. 222. 
7 4nnales de chimie et de physique, t. LIV., p.. 163, 1883. 
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traverse trachyte. Spurr’ also makes mention of this possible 
means especially in connection with some of the ore deposits of 
Nevada. This source of the chlorides is doubtless far more im- 
portant in humid districts than in the arid regions. In the South- 
west its contribution must be inappreciable. 

5. Deposition of dust blown by the wind from the sea-coast; as 
mentioned by Beck? as a possible cooperative source of chloridic 
material for ground-waters. 

6. Evaporation of phreatic waters in an arid climate, leaving 
near the surface of the soil a saline deposit of a few inches 
to a few feet in thickness. In such a way lime-salts are ex- 
tensively formed throughout the arid and semi-arid regions 
producing what the Mexicans call caliche. This latter deposit 
is frequently 10 to 15 feet thick, is only covered by a foot or 
two of soil, and is easily mistaken for limestone. Caliche oc- 
curs widely through the Southwest from western Texas to the 
Pacific coast and southward over the Mexican tableland. It 
has been described in Arizona by Blake*® and in Texas by Hill.* 

Of this character are the Chili saltpeter deposits. Exten- 
sive beds of gypsum in the Sierra de los Caballos, in southern 
New Mexico, are apparently of like origin. In many localities 
in the Southwest, where the effects of a desiccating atmosphere 
are most in evidence, ground-waters are known to deposit com- 
mon salt in a similar manner. The conditions would be par- 
ticularly favorable in cases in which the ground-water level 
comes close to the surface of the soil, as it is known to do in 
several places where there are large cerargyritic ore-bodies. The 
phenomenon is one that has been little observed, but is probably 
very much more prevalent than is generally considered. 

7. Direct volcanic activity, either by the emanation of free 
chlorine, as in the case of many modern volcanoes such as 
Vesuvius, and Cotapaxi, the last mentioned instance being es- 


*“ Geology Applied to Mining,” p. 286, New York, 1904. 

* Loc. cit. 

3 Trans. American Inst. Mining Eng., Vol. XXIX., p. 220, 1901. 
* United States Geol. Sur., 19th Ann. Rept. 
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pecially noted by Wolff; or from emanations from dry fumaroles 
during the period of most energetic action when the tempera- 
tures are very high and anhydrous chlorides are given off, as 
described by Sainte-Claire Deville.2 Such chlorides may accu- 
mulate between layers of lava, as in the cases cited by Geikie,® of 
the old volcanoes of Scotland. 

8. Agency of wind-blown saline dust, derived from the salt 
flats and saline soils of the bolson plains throughout the arid 
regions, and transported in large quantities through the air. 

That the eolian supplies of chloridic materials are adequate 
to act upon the metalliferous deposits of the region is shown in 
a number of ways. A fundamental influence upon both the pro- 
duction and the preservation of the large amounts of ores 
of this class appears to be exerted by the dryness of the climate. 
Much is suggested regarding the decomposition, transference and 
re-precipitation of ore materials in both silver and gold veins 
by the presence in the circulating waters of the weathered zone 
of abundant chlorine compounds which such regions afford. 

The dusts of arid regions always contain appreciable amounts 
of saline particles. Dust storms are violent and frequent. While 
they last the atmosphere is so filled with fine soil that it is 
impossible to observe objects more than very short distances. 
Ephemeral pond-waters in drying up often leave a white coating 
on the ground, that is popularly termed “alkali.” In reality 
the white precipitate is usually composed very largely of com- 
mon salt. 

The amount of saline dust is, in the arid region, a constant 
factor. The quantity of saline matter furnished through eolian 
means very greatly exceeds, for a given area, that supplied by 
the decomposition of the rocks of that area. When rock- 
layers are highly inclined, as they are in most of the Basin 
ranges, the saline matter in the dust deposited on the surface 
is easily dissolved by the first rain and is largely carried below 
to mingle with the underground waters. 

1 Neues Jahrbuch, Bd. f. 1878, p. 164. 


2 Ann. chem. et phys., t. LIL, p. 19, 1858. 
8 Proc. Roy. Soc. Edinburgh, Vol. IX., p. 367. 
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Saline material transported by the winds and deposited so as 
to be easily introduced into the ground-waters in measurable 
amount manifestly gives rise to one of the most favorable con- 
ditions under which the formation of haloid compounds of the 
£ metals may take place. Another advantageous local condition 
is the peculiarity of geologic structure which allows the under- 


t ground impounding of meteoric waters. A third favorable con- 
d dition is an unusual surface contour which aids in gathering 
‘ saline materials, retaining them in the surface-waters, and pre- 


venting them from passing off before they have opportunity 








: to be included in the waters underground. Still another critical 
Z factor is the existence of the block-mountain itself, enabling 
S the saline dust gathered on each range to pass into the under- 
f \ ground circulation, while on the intermont plains the saline 
d \ material does not enter into the underground waters but is 
- ‘ largely carried off to the sea in the surface drainage. 
™ All of the conditions mentioned are, in the dry regions of 
America, favorable in a high degree to the existence and intro- 
ie duction into the ground-water circulation of the mountains of 
_ large amounts of saline material, but they are extremely un- 
y } favorable over the intervening plains. 
x Subjecting the several hypotheses above enumerated to critical 
" and specific scientific test from all possible viewpoints, it is found 
a that throughout the vast arid regions of the Southwest five out 
“ of the eight explanations have no influence whatever in sup- 
plying chloridic materials. Of the remaining three one is only 
at } locally of any consequence; another that would ordinarily be 
" expected to be the chief one is really of small import; while the 
yy remaining one which has not heretofore been recognized at all is 
* the one which is entitled to the fullest consideration, and is prob- 
= | ably more important, in the desert regions generally, than all 
ne \ of the others combined. 
a In the natural course of events it would be considered that 


the weathering of. rocks would furnish the main supplies of the 
chlorine compounds, but this is in the present connection mani- 
festly not the case. In arid regions, under a desiccating atmos- 
phere, with continuous high winds, and with the daily maximum 
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changes of temperature, the weathering of rocks is largely 
through disintegration and hence mechanical in nature; in humid 
regions rock-weathering is mainly through decomposition and is 
chemical in character. Rocks of the dry regions of the globe 
are mechanically finely divided and the particles are blown away 
before there can be appreciable chemical change. It is the winds 
that keep the mountains of the arid regions bold in shape and 
bare of soil. These facts have not been usually taken sufficiently 
into. account in considering the method and effects of general 
rock-decay in dry countries. 

Details of the eolian conditions and processes in their various 
bearings upon silver-ore deposits have been recently described? 
in the typical district of Lake Valley, New Mexico. In general 
it may be stated with confidence that the most characteristic 
peculiarity in geologic structure which the Basin ranges dis- 
play probably has as much to do with the production of favor- 
able conditions for the formation of cerargyritic and other haloid 
ores as any other factor. This with a prevailing source of 
the saline materials in the wind-blown dust under a desiccating 
climate gives a combination of conditions not met with outside 
of the arid regions. 


*Keyes: Trans. American Inst. Min. Eng., Vol. XXXIX., Jan. 1908. 
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A THEORY OF ORE-DEPOSITION. 





J. E. Spurr. 


INTRODUCTION. 

It is the correct procedure in scientific exposition to present 
evidence in detail, and then the conclusions to which that evi- 
dence has led. In the present instance I ask indulgence, in pre- 
senting, baldly and in the barest outline, a theory or series of 
theories and in leaving the presentation of the progressively- 
built steps of evidence till a later time. It should be said, how- 
ever, that the ideas as stated are not imaginative, except in the 
logically legitimate sense: they represent the total inductive re- 
sults of the writer’s experience, pieced together to form a work- 
ing hypothesis which at present appeals to him as in a rough 
way correct. 

The following paper has been written hurriedly in the field, 
under stress of work, without notes or references of any kind; 
and allowances should be made for these conditions. No attempt 
has been made, under these circumstances, to cite supporting 
authority for statements, where such authority is to be had. 


PETROGRAPHIC AND METALLOGRAPHIC PROVINCES. 

Portions at least, if not all, of the solid crust of the earth are 
underlain by fluid and uncrystallized rock magmas. These mag- 
mas represent, prevailingly or entirely, what are known to pe- 
trographers as intermediate types. They differ, however, in 
different subcrustal regions. These differences, expressed by 
certain ratios of the relatively common rock-making elements, 
more or less constant over extensive regions, have given rise to 
the recognition of petrographic provinces. More delicately and 
unmistakeably (as in all classifications) the differences are ex- 
pressed by differing amounts and ratios of the less common ele- 
ments, among which are to be reckoned most of the metals; and 
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these differences have led to the recognition of metallographic 
provinces, a conception of especial importance to the economic 
geologist, whose investigating problems bear chiefly upon the 
distribution of the metals in nature. The origin of these dif- | 
ferences in uncrystallized and uncrystallizing rock magmas is 
unknown. 


INVASION OF THE ZONE OF INCIPIENT CRYSTALLIZATION. 

By intrusion, or erosion of overlying rocks, or both, por- 
tions of these intermediate magmas are (at apparently irregular 
intervals and on account of obscure events) brought within the 
zone of incipient crystallization. 

Crystallization commences, minerals being deposited in an 
orderly succession dependent upon the chemico-physical laws of 
magmas (which differ from those of dry melts). Roughly 
speaking, iron, lime, and magnesian silicates are first precipi- 
tated, then silicates of the alkalis, and, finally, the residual silica. 


ROCK DIFFERENTIATION DURING CRYSTALLIZATION. 

In the lower part of the zone of crystallization, this process 
of consolidation extends over a vast period of time. Mean- 
time forces (largely physical) are at work tending to concentrate 
like and similar minerals. Such cooling magmas must be sub- 
ject to oscillations and currents due to crustal movements and 
changes of pressure and temperature; to convection and to spe- 
cific gravity. These currents tend to “classify”’ the magma 
(to borrow an illuminating technical term from the science of 
ore-dressing) according to the specific gravity and size of the 
crystallized minerals, and the specific gravity of the residual 
fluid magma. By specific gravity, also, similar minerals and 
minerals of similar weights, become more or less concentrated 
in still magmas. 

In such solidifying magmas, currents set in motion at any 


stage of the crystallization may drain off the residual fluid, 
leaving the already formed crystals massed together to make up 
the greater part of the solid rock; or often a more or less dif- 
ferent (chemically) residual fluid may be substituted, from whose 
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crystallization the final rock fabric is completed. The evidence 
of this last-described condition is found in certain of the phe- 
nomena of magmatic resorption, where earlier-formed crystals 
find themselves, through accidents like those above suggested, in 
a changed mother liquor in which they are unstable and are 
partly or entirely dissolved. 

It follows that the residual fluid magma, wholly or (more 
commonly) partly drained off from the crystallized portion, at 
any stage of crystallization, may preserve, more or less com- 
pletely, its identity till its own crystallization period arrives, or 
may in turn, on partial crystallization, undergo the subtraction 
of the still fluid portion; so that rocks representing all the stages 
of crystallization, as well as others representing many different 
combinations, result. 

Through this long and intricate period of orderly crystalliza- 
tion, and more or less orderly sorting, it results that the rocks 
solidified from a single magma are of many different kinds, 
mineralogically and chemically; that phases are common where 
the minerals represent the first stage of consolidation only, or 
the last stage of consolidation only; that rarer but still frequent 
phases are found where the rock is principally composed of a 
single mineral; and that, obscuring the evidence of these clean 
products of concentration processes, apparently anomalous rock- 
types occur, in which usually unsociable minerals are associated, 
such types representing in many cases, probably, physical mix- 
tures of partially concentrated sub-magmas. 

That concentration of like or sociable (for chemical or phys- 
ical reasons) minerals, actually takes place in many magmas, in 
deep-lying zones now revealed by erosion at the surface, is rec- 
ognized by geologists: the unmistakable evidence of it can be 
read in outcrops in numerous localities; and in some cases it can 
be proved that the secret of this rock differentiation lies in the 


slow successive crystallization, the draining off and migration 
(to near or remote points) of the successively residual fluid, and 
the consequent massing of the crystallized portions. 
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EFFECT OF HEAT-OSCILLATION ON MAGMA DIFFERENTIATION. 


According to this hypothesis, the normal succession of sub- 
magmas, emitted from a solidifying magma reservoir and con- 
solidating as intrusive or extrusive rocks, should represent a 
progressive change from less siliceous to more siliceous rocks; 
or, as it has usually been stated, from basic to acid. This is 
actually the succession recorded for certain igneous centers by 
some of the best geologists; and it is the history to be read on 
many exposures of originally deep-seated granular igneous rocks. 
If, however, the heat and pressure conditions, instead of remain- 
ing uniform, were fluctuating, then in the reservoir of consoli- 
dating magma rocks would, after partial or even entire consoli- 
dation, be reduced to a liquid condition; and this would happen 
many times in succession. With each wave of increased heat 
the mass of segregated (differentiated) crystallized, semi-crys- 
tallized and still fluid materials in the magma reservoir would be 
transformed into a complex of differing magmas, and in each 
magma phase with each downward swing of the temperature 
the process of further segregation by progressive crystallization, 
accompanied by mechanical and chemical concentration would 
continue, bringing about more perfect differentiation. Thus 
materials emitted from time to time from such a reservoir, and 
forming intrusive or extrusive rocks, would show a progressive 
change from the original intermediate magma, to more siliceous 
and less siliceous magmas; and this is actually the observed suc- 
cession of both intrusive and extrusive rocks near many igneous 
centers. 


RESUME OF MAGMATIC DIFFERENTIATION HYPOTHESIS. 

The above hypothesis assumes that rock magmas do not begin 
to differentiate until they are subjected to unusual or catastrophic 
conditions ;' that these conditions are supplied in magmas which 
occupy the lower portion of the zone of crystallization, where 


Else we should have had all magmas entirely differentiated long geo- 
logical ages ago. The history of rock succession, as observed, for example, 
in the lavas of the Great Basin, show that, once differentiation has begun, 
it may be carried to a close in a relatively short geological period— in a 
fraction of the Tertiary period, for example. 











CONSsO 
of he 
inters 
silice: 


It 
a rule 
first ; 
ual s: 
abunc 
or les 
in sir 
mas | 
whicl 
rine, 
proba 
mixtt 
by ir 
and 1 

Th 
ing a 
ous ” 
ites 1 
cann¢ 
tweet 
is ge 
stant, 
twee 
taine 
tion. 
whic! 
most 
ences 
fact 
magi 





ks. 
lin- 
oli- 
oli- 
pen 
leat 
rys- 
| be 
ach 
ture 
ion, 
yuld 
‘hus 
and 
sive 
20uS 
suc- 
eOUS 


egin 
phic 
thich 
here 

geo- 
mple, 


egun, 
in a 








A THEORY OF ORE-DEPOSITION 785 


consolidation is very slow and may be interrupted by fluctuations 
of heat and pressure; and that under such conditions, from an 
intermediate magma,-rocks and rock magmas varying from very 
siliceous to very basic may originate. 


CONDITIONS GOVERNING FUSION AND SOLIDIFICATION 
‘ OF MAGMAS. 

It has been stated that in the succession of crystallization, as 
a rule, minerals high in magnesia, lime, and iron are precipitated 
first; and those high in silica (and the alkalis) afterward, resid- 
ual silica in the form of quartz being practically the last of the 
abundant rock-materials to solidify. This is the reverse, more 
or less completely, of the laws of dry melts, such as are obtained 
in smelters; and this difference is due to the fact that the mag- 
nas are not dry melts, but contain water and certain elements 
which under surface conditions are highly volatile, such as chlo- 
rine, fluorine, and the like; and which even in the magma are 
probably highly mobile. The laws of crystallization in such a 
mixture (as yet unfamiliar to the arts) are chiefly known to us 
by inductive reasoning from the phenomena observed by field 
and microscopic study of the igneous rocks. 

The following consideration must be borne in mind in study- 
ing all igneous rocks: the common distinction between “ igne- 
ous ” and “ aqueo-igneous ”’ fusion (made in passing from gran- 
ites to pegmatites, for example), is certainly wrong. Granite 
cannot be crystallized from a dry melt; and the transition be- 
tween granitic rocks and successively more and more basic ones 
is gentle, showing a gradual change of conditions and the con- 
stant, though decreasing difference (with increasing basicity) be- 
tween the igneous rocks and those mixtures which can be ob- 
tained by crystallizing dry melts of the same chemical composi- 
tion. The gradually changing conditions of crystallization 
which are to be reasoned out for the igneous rocks, from the 
most basic to the granites and alaskites, do not represent differ- 
ences in kind, but of degree. They appear to depend upon the 
fact that water and the other highly mobile elements of the 
magma are among the constituents which are most difficult of 
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crystallization; hence with progressive consolidation of the 
magma, more and more of these elements are left over and enter 
to a larger and larger degree into the composition of the uncrys- 
tallized, growingly siliceous magmas; and become more and more 
important in comparison with heat in controlling the fluidity and 
mobility of these magmas. Yet heat always remains an impor- 
tant factor, both in the rocks commonly recognized as igneous 
and in the complex series of mineral aggregates (mineral veins) 
resulting from precipitation from solution in a highly aqueous 
vehicle, which aggregates I shall presently define as in some sense 
igneous phenomena; and does not cease to be so till the dissolv- 
ing water is crystallized at the surface, as ice, an extreme but 
perfectly logical conception which will readily be apprehended 
when it is remembered that water is fused (or melted) ice. 

The above conceptions involve the idea that a magma is a fluid 
mixture, restrained from crystallizing into an aggregate of min- 
erals by heat, but which crystallizes out on reduction of heat at a 
point largely dependent upon the chemical composition of the 
mixture and especially upon the content of water and certain 
other highly mobile elements; that in a cooling magma of the 
composition of what are ordinarily known as igneous rocks the 
less siliceous minerals are first deposited, and the residue becomes 
more and more siliceous, affording on crystallization more and 
more siliceous rocks; and that with tits change, and as the tem- 
perature diminishes, the residue becomes more and more aqueous, 
and more highly charged with the other mobile elements. 


ROCK PHASES ILLUSTRATING STAGES OF MAGMA CONSOLIDATION. 
The crystallization of these successive magmas into minerals 
or mineral aggregates is represented by a well-known series of 


rocks from pyroxenites through peridotites, gabbros, diorites, 
granites and alaskites; and as at the more basic end I have in- 
stanced pyroxenite, a rock composed essentially of a single com- 
mon rock-making mineral, which is among those first crystal- 
lized out of magmas, and which on addition of feldspar becomes, 
for example, gabbro; so at the other end come certain rocks com- 
posed essentially of quartz, the last of the rock-making minerals 
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to be crystallized in abundance out of magmas, and which on 
addition of feldspar becomes, for example, alaskite. This quartz 
deposition, as I shall point out, has many stages; but the first 
period of the pure quartz rock is that where it is still associated 
with and intercrystallized with small amounts of other rock- 
making minerals well-known as characteristic of the alaskites and 
the granites, such as alkali feldspar and muscovite. This stage 
is represented by certain siliceous pegmatites and aplites and 
certain quartz veins or dikes of pegmatitic origin. The fluid 
which crystallized as quartz in this case may be called a magma, 
fully as much as that from which the pyroxenite or the granite 
crystallized. 


INACCURACY OF CERTAIN TERMS RELATING TO MAGMAS. 

In the confusion and uncertainty which has arisen as to 
whether pegmatites are igneous, aqueous, or aqueo-igneous; 
whether they are veins or dikes; and whether they are intrusive 
or deposited in place: the stumbling-blocks have been words even 
more than ideas. I suggest, therefore, that as most if not all 
igneous rocks owe their composition in some part to water in the 
magma, and as pegmatites owe their origin and composition to 
heat as well as water, it would be more correct to consider the 
whole as aqueo-igneous rocks; or, more accurately, as crystal- 
lized-magma rocks; a definition to be taken with that given above 
for magma. I also suggest that the terms dike and vein as sepa- 
rate terms are misleading, and that the strict limitations of their 
meaning which have developed are the results of misconceptions ; 
and that it might be better to make the two synonymous, or to 
use “ vein”’ in both senses. While this may shock the conserva- 
tism of the average reader, the Germans have no difficulty in 
using ‘a single word (Gang) in this connection; and “ veins ” 
of granite and diorite were often described by the earlier English 
geologists. It is also undoubtedly true that “ intrusive ” igneous 
rocks may have crystallized entirely in place; and in the accurate 


J 


sense, I submit that any “mineral vein” is intrusive into its 


country-rock. 
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SEGREGATION OF METALS WITH EXTREME PRODUCTS OF 
MAGMATIC DIFFERENTIATION. 

Most of the commercially valuable metals are numbered among 
the rarer rock elements; and these undergo the process of differ- 
entiation as well as the commoner elements. They tend to con- 
centrate in the extreme products of magmatic differentiation. A 
few of the metals of this kind concentrate chiefly or entirely in 
the extreme basic rock-types; while a much larger number con- 
centrate chiefly in the siliceous extremes; and some metals split, 
part going into one extreme and part going into the other. 
This last circumstance exposes a condition which is probably uni- 
versal, namely—that the precipitation or solution of a given metal 
depends largely upon the chemical combination in which it may 
be with other elements, and not solely on its own properties. 
Chromium, platinum, and nickel appear to be among the metals 
segregated into ultra-basic rocks; and it will presently be sub- 
mitted that the majority of valuable metals such as lead, zinc, 
gold, silver, tin, etc., go mainly into the ultra-siliceous residue, 
and in great quantity; while certain metals, notably copper (to- 
gether with iron), segregate partly into one extreme and partly 
into the other. 

The occurrence of ores of nickel, platinum, chromium, and 
copper as magmatic segregations in basic rocks like peridotites 
has been insisted upon by various writers; and also the charac- 
teristic occurrence in pegmatites of various valuable minerals, 
such as tin, molybdenum, and tungsten. I have also insisted, 
and still insist, that the latter may be characterized as magmatic 
segregations in the same sense as the former: it is high time to 
do away with this and other generally ill-understood terms, or 
use them accurately. I have also described the occurrence of 
gold in quartz veins so closely allied to pegmatites that they evi- 
dently represent only a slight further step in differentiation, and, 
more rarely, and usually in non-commercial quantity, in pegma- 
tites ; and insisted that in such cases the term “ magmatic differ- 
entiation ’’ was the most correct one for the process to which they 


owe their origin. 
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To restate in a different form ideas already explained, it must 
be understood that after each epoch of crystallization in a rock 
magma, there remains residual from the crystallized-magma rock 
a more siliceous and aqueous magma, in which the proportion 
of water to silica becomes progressively greater, since an increas- 
ing amount of silica is deposited at successive stages, but very 
little water at any stage. Finally there results the highly silice- 
ous and aqueous residual magma from which pegmatitic quartz 
veins have crystallized. With the progressive increase of silica 
and water, there is a corresponding increase of certain metals, a 
fact which is exposed by the final precipitation, in the pegmatites 
and pegmatitic quartz veins, of such rare metals as tin, molyb- 
denum, tungsten, and gold, in considerable quantity (quite out 
of proportion to their relative amount in the earth’s crust). 


EXTENSION OF DIFFERENTIATION HYPOTHESIS TO MOST 
ORE-DEPOSITS. 


I now submit further that there results from the consolidation 
of the pegmatites and the pegmatitic quartz veins, practically all 
the accumulated water in the magma; that with this water is 
associated a greatly accumulated (concentrated or magmatically 
differentiated) quantity of the highly mobile and solvent elements 
such as fluorine, boron, and chlorine, whose presence in granite 
and pegmatite magmas is shown by such granitic and pegmatitic 
minerals as tourmaline, mica, and apatite; that much silica is 
present; and that there are also present many valuable metals, con- 
stituting a large portion (in some instances by far the greater 
portion) of the whole amount contained in the original body of 
magma, 

I submit that from such a residual magma quartz veins of later 
origin than the quartz veins closely allied to pegmatites are de- 
posited, and that in them valuable metallic minerals are depos- 
ited; that from these veins a further residue results, still fluid 
under such conditions, but subject to partial consolidation (or to 
phrase it differently, precipitation) at a later period, under differ- 
ent conditions, involving chiefly a lowering of temperature; and 
that many successive stages of precipitation follow, the final 
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stage being when the water has lost most of its heat, and has left 
behind nearly all of the elements with which it was associated, 
and to whose mobility and concentration it was so important; 
and, finding its way to the surface, mingles with the great body 
of surface and shallow-seated waters which has been so plausi- 
bly regarded as the accumulated residue of all crystallized 
magmas. 

The successive stages, according to the theory I present, are 
marked by differences of earthy minerals, but more delicately, 
perhaps, by changes in the metallic minerals. 

This is the origin of most mineral veins and other forms of 
ore-deposits, including ores of lead, zinc, copper, silver, gold, 
bismuth, antimony, arsenic and other metals. 

According to this theory, the metallic hearth, or the factory in 
which the ores originate, is the zone of differentiation, which is 
in the lower part of the zone of crystallization. Here the ores 
which we find segregated into coarse-textured basic rocks are 
concentrated, and here also the ores which we find in pegmatites 
and allied quartz veins; and here are prepared the highly silice- 
ous, aqueous, and metalliferous residues from which the major- 
ity of ore-deposits are formed. 


SUCCESSIVE VERTICAL ZONES OF ORE-DEPOSITION. 

With the increase in the amount of water comes greater mo- 
bility and power of penetration, and the upward tendency of the 
hot residues results in their passage along openings, especially 
such as are afforded by fault-fractures, toward the surface. Thus 
while pegmatites and pegmatitic quartz veins usually occur in or 
very close to the earlier-consolidated rocks, the successive stages 
migrate further and further away from the metallic hearth (the 
zone of differentiation) ; which, in general, means that they are 
successively deposited nearer and nearer the surface. Thus the 
successive stages can be recognized as successive vertical zones of 
ore-deposition. 

A preliminary attempt, open to much revision, may be made 
to define some of the principal zones, beginning from the 
bottom: 











etc, 
tops 


gan 
3. 

4. 

5. 
wit 
are 
elev: 
anti 
istic 
gold 
basit 
6. 

I 
peric 
Ti 
exan 
and 
in sc 
the | 
(No. 
west 
by tl 
Calif 
show 
lowe1 
veins 
to a: 
eman 
erosic 
of th 
Wi 
tation 
that t 





eft 
ed, 
nt; 
dy 
1si- 
zed 


are 
ely, 


; of 
old, 


y in 
h is 
ores 

are 
tites 
ilice- 
1 jor- 


/mo- 
f the 
cially 
Thus 
in or 
tages 
| (the 
y are 
is the 
nes of 


made 
n the 











A THEORY OF ORE-DEPOSITION 791 


1. The pegmatite zone, containing tin, molybdenum, tungsten, 
etc., with characteristic gangue minerals, such as tourmaline, 
topaz, muscovite, beryl, etc. 

2. The free gold-auriferous pyrite zone, with coarse quartz 
gangue. 

3. The cupriferous pyrite zone. 

4. The galena-blende (galena usually argentiferous) zone. 

5. The zone of silver and also much gold, usually associated 
with metals which combine with them to make substances which 
are undoubtedly highly mobile, and account for the relatively 
elevated position of the zone. These associated metals include 
antimony, bismuth, arsenic, tellurium, and selenium. Character- 
istic minerals of this zone are tellurides and selenides of silver, 
gold tellurides, argentiferous tetrahedrite and tennantite, poly- 
basite, stephanite, and argentite. 

6. The zone of earthy gangues, barren of valuable metals. 

I believe it will be ultimately possible to subdivide these 
periods. 

The zone here called No. 5 is believed to be represented, for 
example, by the middle Tertiary “bonanza” veins of Nevada 
and Mexico (these also frequently show the lead-zinc zone and 
in some cases the copper zone) ; the lead-zinc zone (No. 4) by 
the probably early Tertiary ores of Colorado; the copper zone 
(No. 3) by the late Cretaceous-early Tertiary ores of the south- 
western United States and Mexico; and the gold zone (No. 2) 
by the immediately post-Jurassic ores of the Sierra Nevada in 
California. The ores cited as typical in the provinces mentioned 
show always a decided range, transitional into both upper and 
lower zones in most cases; and the differing character of the 
veins of one province from those of another is believed to be 
to a subordinate degree dependent upon the magma whence they 
emanated, but principally upon the relative depth exposed by 
erosion, which, other things being equal, depends upon the age 
of the deposits. 

Within the zones which have been defined, of course, precipi- 
tation is not continuous, but is influenced by local conditions; so 
that there may result in a vertical section ore-bodies or zones of 
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deposition separated from one another by barren intervening 
spaces. Yet in many veins the passage of one zone into a lower 
one is indicated with increasing depth, such as the change from 
the silver-gold zone to the lead-zinc zone. 


SUPERIMPOSITION OF ORE-ZONES. 


An especially valuable record is afforded along certain fissure- 
zones which have been repeatedly cemented and reopened during 
the mineralization period. Since such a mineralization period is 
usually of considerable duration, at any given point the ascend- 
ing waters will grow cooler and cooler, with the downward prog- 
ress of the cooling of the parent magma, and the consequent sink- 
ing of the metallic source; thus the successive zones of minerali- 
zation will migrate downward, and successive cementations of 
successive openings at a single horizon will show the superposi- 
tion of one zone upon another originally distinctly lower. Of 
course, the fidelity of the record depends upon the number of 
reopenings. Where such reopenings have not taken place, or are 
not marked, the succession may be recorded in neighboring veins 
of differing types, which may be parallel or intersecting, and 
which may represent different zones, deposited at different times. 


SIGNIFICANCE OF ASSOCIATION OF IGNEOUS ROCKS AND 
ORE-DEPOSITS. 


It is believed, as before stated, that the metal-bearing fluids 
spring from the zone of differentiation; and the veins deposited 
by them are usually associated, in a more or less close way, with 
rocks of intrusive or effusive character, which have been derived 
from the same source. Frequently the upward passage of such 
intrusions has broken channels along which the metalliferous 
fluids subsequently find their way, very often on or near the con- 
tact, and in.many cases within the intrusive rock or in the neigh- 
boring intruded rock. Movements attendant upon adjustments 
of equilibrium following magma migrations bring about repeated 
faulting and fissuring, along which, in succession, magmas of 
the common rock types and metalliferous residues rise. Such 
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fissures, or lines of weakness, though filled and cemented, will 
ordinarily be reopened at the next strain; thus dikes or volcanic 
plugs of the ordinary rocks and metalliferous veins often lie side 
by side, or are superimposed one upon the other. 

The close relations between most ore-deposits and igneous 
rocks has been well recognized of late years; but the reason does 
not appear to be that the ores were leached from the consolidated 
rocks with-which they are associated; nor usually, as has more 
lately, and with a nearer approach to the truth, been held by the 
more advanced school, that the ores were deposited by solutions 
residual from the consolidation of the igneous body with which 
they are associated ; but that, where (as in most cases) the associ- 
ated rocks do not show differentiation phenomena, both rocks and 
veins were derived from a common center. Thus similar veins 
may be (in different instances) most closely associated with dif- 
ferent rocks, and different veins with the same rocks; and the 
error in supposing a very close connection between rock and vein 
is a most easy one. At Santa Barbara, Chihuahua, Mexico, the 
veins lie in shale, and the only igneous rocks in the immediate 
vicinity (except later flows of andesitic lava) are prominent rhyo- 
lite dikes. From this it might be inferred that the veins were de- 
pendent upon the dikes : but actually the latter are distinctly subse- 
quent, and have broken through the former. At Tepezala, Agua- 
scalientes, Mexico, a certain strong and persistent vein (the Pefiu- 
ela) is everywhere found on one contact, or both, of a rhyolite 
dike; but examination shows conclusively that the dike is 
younger than the vein, and has split it. Dikes somewhat older 
than the vein occur in the neighborhood at a little distance; but 
any tendency to the very close connection of the vein and these 
dikes, inferred from proximity, is avoided by a consideration of 
the closer proximity of the later dike, with its glassy sanadines. 
At Idaho Springs, Colorado, the Stanley vein follows a fissure 
that had previously been followed by a dike, which it splits or 
borders; and subsequent to the vein this fissure was followed by 
a dike of a different rock, which splits or borders the vein. The 
relation records the succession of magmatic products here intro- 
duced : but any tendency to regard the vein as dependent directly 
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upon the earlier dike, on account of the close connection of the 
two, is neutralized by the presence of the subsequent dike, which 
manifestly could not have been squeezed out of the vein. 

Where ore-bodies occur in, near, or following the contact of 
igneous rocks, there is evidence, in every case that I have seen 
(with the exception of certain pegmatite veins and pegmatitic 
quartz veins), that ore-deposition was distinctly subsequent to 
rock consolidation; and hence that the ore was derived from 
some deeper horizon. This is true, among other instances, in 
the case of the copper deposits with lime-silicate gangue, which 
have been largely produced by replacement of limestone at the 
contact with siliceous intrusions, and which are frequent in Ari- 
zona and old Mexico. In every one of the several cases that I 
have carefully studied, these deposits (which come under zone 
No. 2 of the above classification) are distinctly younger than the 
consolidation of the associated intrusive (usually granite or 
monzonite). 


RELATION OF ORE-ZONES TO ROCK TEXTURE. 

A sub-magma emitted from the zone of differentiation may 
crystallize with different textures, dependent upon its coming to 
rest at a considerable depth, at the surface, or in an intermediate 
zone. In general the coarser texture (for a given magma) is 
evidence of slower crystallization, and, therefore, roughly signi- 
fies that consolidation has taken place at a greater depth; while 
the wholly or partially dense, glassy or finely crystalline rocks 
give evidence of rapid cooling, which signifies that consolidation 
took place in a relatively cool zone, and hence one near or at 
the surface. The meaning of such evidence is flexible, for the 
texture also depends upon the mass of cooling rock. 

In general, however, it is probable that the main vertical zones 
of ore-deposition coincide with less distinctly-marked vertical 
zones of rock texture (for a given rock-composition), where the 
veins and igneous rocks have nearly the same period of intru- 
sion. Thus the pegmatitic gold-quartz veins and other pegma- 
titic ore-deposits (zones 1 and 2) are usually associated with 
medium to coarse granular, pegmatitic and aplitic textures; the 
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principal copper zone (zone 3) usually with medium-granular to 
coarse porphyritic textures; the principal galena-blende zone 
(zone 4) with medium-grained porphyritic rocks—the typical 
“porphyries ” of the older classification; while the gold-silver 
ores of the superficial class (zone 5) are typically in fine-grained 
porphyritic rocks which frequently represent surface volcanics. 


CONCLUSION. 

The explanation advanced above is not offered as a universal 
one; but it does cover, with a few doubtful exceptions, all the 
important deposits of metals (except many deposits of the most 
common metals, such as iron, manganese, etc.) with which I am 
personally acquainted, and in its different applications it will, I 
believe, cover the most of the field. 

Summing up, this theory proposes that metalliferous fiuids, 
from which most ore-deposits are precipitated, are extreme dif- 
ferentiation phases of rock magmas; that most ore-deposits and 
“mineral veins,’ as a class, represent one or the other of the 
extreme products of magmatic differentiation; and that the most 
striking chemical differences between ore-deposits is due (in the 
more important class representing the siliceous extreme) to suc- 
cessive precipitation in theoretically vertical zones, as the fluid 
migrates toward the surface, and with diminishing heat achieves 
more and more mature crystallization. Secondarily, the differ- 
ences between ore-deposits in different regions depends upon the 
different metallographic magma-provinces, as mentioned early in 
this paper. 


‘ 














DISCUSSION 


This department has been established by the editors in order to afford to 
those interested in questions relating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
Sheffield Scientific School of Yale University, New Haven, Conn. The full 
name of the author should be attached to all communications. 


OCCURRENCE OF RUTILE IN VIRGINIA. 


DISCUSSION OF PAPER BY T. L. WATSON. 


Sir:—I have read with much pleasure and interest Dr. Wat- 
son’s article on the Virginia rutile deposits.. The section where 
rutile is found seems destined to furnish a number of interesting 
mineralogical occurrences. A quite striking one is the asso- 
ciation of rutile with apatite, which seems to be a local modifica- 
tion of a common type. 

In that general section are encountered quite heavy and per- 
sistent deposits which consist of a mixture of magnetite and 
apatite. The magnetite is usually in grains in a matrix of apatite 
and is quite uniformly distributed, so that the mass appears to 
consist of white and black grains. The proportions vary, and 
at times the magnetite represents such a large per cent. of the 
whole that the presence of apatite may be overlooked. 

At times the magnetite is replaced by ilmenite, and, at one 
point at least, very near to the present mining operations of the 
American Rutile Company, a deposit of almost identical appear- 
ance is encountered which consists of apatite and rutile. From 
a superficial examination I would say that the rutile amounts 
to about 50 per cent. of the whole. The float is a conspicuous 
feature and quite a number of pieces are found in a stone fence 
by the side of the county road from Lowsville to Massy’s Mill. 
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The occurrence is very peculiar in view of the extreme difficulty 
of separating titanium and phosphorus in ordinary chemical 
operations. 

Rutile, apparently in quantity, is found much beyond the 
limits marked by Dr. Watson on his map, which latter covers 
no doubt all that was known at the time of his visit. 


CHARLES CATLETT. 
STAUNTON, VA., September 18, 1907. 


THE ORE DEPOSITS OF COPPEROPOLIS, 
CALIFORNIA. 


DISCUSSION OF PAPER BY JOHN A. REID. 


Sir:—Mr. John A. Reid has contributed a paper on the copper 
deposits of Copperopolis to the June number of Economic Geol- 
ogy, accompanied by a detailed geologic map and cross-sections, 
which forms a valuable record of the geologic conditions sur- 
rounding these deposits. 

In this paper, he assigns the origin of the ore to hornblendite, 
a coarse grained intrusive rock largely made up of amphibole 
and regarded by him as belonging to the pyroxenite group. As 
this rock contains chalcopyrite apparently original, it is regarded 
as the source of the ore. 

It is stated in the paper that there is no reference to horn- 
blendite as a distinct species in my papers on the geology of the 
Sierra Nevada, and this is true so far as the use of this particular 
term is concerned; but both Mr. Lindgren and myself frequently 
collected and studied coarsely granular rocks made up chiefly 
of hornblende. These we usually designated as massive amphi- 
bolite. 

A microscopic investigation of these rocks led to the conclu- 
sion that they were in part, at least, derived from pyroxenite as 
the hornblendes contained cores of pyroxene altering to horn- 
blende. In other cases both amphibole and pyroxene were orig- 
inal. At some points, these rocks contained feldspar and at 
others, olivine. They were designated, when both the amphibole 
and the pyroxene were original, amphibole-pyroxene rocks ; when 








pp at ER 


ea, \ } 


—J 


798 DISCUSSION 


containing olivine, amphibole-picrite; and finally I suggested a 
new name, perknite, for the group, which would include 
pyroxenite. 

We found these basic rocks in small masses only, and of 
considerable variety of mineral composition, but as a whole, rich 
in lime, alumina and magnesia, and low in silica, as compared 
with most igneous rocks. 

In geographical distribution, we found them throughout the 
gold belt from Plumas County on the north to Mariposa County 
on the south. 

The following statement occurs in the 14th annual report of 
the Geological Survey, p. 477: “On the Jackson Atlas sheet 
pyroxenites were found altering to massive amphibolite. Some 
of the hornblende grains contain cores of pyroxene undergoing 
alteration to hornblende.” 

This basic group is further described in the following: 

Further Contributions to the Geology of the Sierra Nevada, 
17th annual report of the U. S. Geological Survey, 1896, pp. 
650 and 670. 

Notes on rocks and minerals from California, Am. Jour. Sci., 
4th Series, Vol. V., pp. 421-428, 1808. 

Perknite (lime-magnesia rocks), Journal of Geology, Vol. 9, 
IQOI, pp. 507-511. 

My notes and publications not being at present accessible, I 
am unable to go further into the discussion of this interesting 
group of rocks at this time. 

Attention might be called to the fact that if the amphibole of 
these rocks is secondary, any grains of sulphides enclosed in the 
amphiboles would likewise most likely be secondary, and formed 
at the time of the alteration of the pyroxene to amphibole. 

Pyrite is an exceedingly common constituent of metamorphic 
igneous rocks, and there are likewise numerous instances of the 
occurence of original sulphides in fresh igneous rocks, and some 
copper deposits like those of Monte Catini’ in Italy, are regarded 
as original segregations from the serpentine. 

1“ The Nature of Ore Deposits,” Beck and Weed, 1905, p. 48. 
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In one way, it does not appear logical to ascribe the source of 
the ore solely to the hornblendite, as the deposits themselves are 
of much greater magnitude than the bodies of hornblendite, and 
although the latter may be of greater extent at greater depth, 
this does not appear probable from the fact that everywhere in 
the Sierra Nevada, this basic group occurs in small areas, mostly 
too small to be noted on the geologic maps of the U. S. Geo- 
logical Survey folios. Moreover, the Copperopolis deposits are 
merely one of a series in the foothills of the Sierra Nevada, and 
so far as known, the amphibole-pyroxene rocks are not associated 
with the chalcopyrite deposits at other localities. 

As Mr. Reid probably knows more about the Copperopolis 
deposits than anyone else, and is very likely familiar with other 
deposits of similar nature of the foothill belt, a further paper 
on the origin of these ores would be of interest. 

The Daulton copper mine in Madera County is in contact- 
metamorphic chiastolite-schists of the Mariposa formation. It 
is accompanied by dikes of diorite-porphyry, but this rock is 
fresh and unaltered and apparently of later age than the ore 
deposit, and consequently was not concerned in the formation 
of the ore. 

H. W. Turner. 


THE OXIDATION OF PYRITE. 
DISCUSSION OF PAPER BY A. N. WINCHELL. 


Sir:—The comments of Mr. Thomas T. Read published in 
your July-August number upon my account of an experiment 
relating to the oxidation of pyrite have just reached me. Mr. 
Read criticizes my statement that “ the conditions favored a more 
rapid oxidation than would probably occur in nature,’ on the 
ground that “it is generally agreed that it is the presence of 
small quantities of dissolved salts that gives to the waters of the 
earth’s crust their power to attack the minerals there present,” 
and the use of the distilled water prevented the presence of dis- 
solved salts in the experiment, according to his view. Mr. Read 
forgets the fact that under the conditions of the experiment, as 








800 DISCUSSION 


described, the distilled water could not possibly remain pure, and 
that small quantities of dissolved salts would certainly be present 
in it. The account as published specifically mentioned the pres- 
ence of aluminum in solution, and sodium silicate from the glass 
containing vessel would certainly be dissolved also in minute 
quantities. In addition to these, various gases certainly entered 
the water, since it was constantly aerated by means of ordinary 
unpurified air. Whether the quantities of salts thus dissolved 
in ten months were greater or less than the average quantity 
present in the water which attacks pyrite in nature I am unable 
to say. Again, whether the salts thus introduced would be 
more or less efficient in increasing the solvent power of the water 
than the average efficiency of those present in water attacking 
the pyrite in nature I am unable to say. But even though one 
assume that the salts present in natural waters would result in 
more rapid solution than in the case of the water used in the 
experiment it does not necessarily follow that the oxidation 
would be more rapid. On the other hand, the rapidity of oxida- 
tion should depend very largely upon the amount of oxygen avail- 
able in the solvent. Therefore it certainly seems reasonable to 
assume that the continuous aeration of the water used in the ex- 
periment “ favored a much more rapid oxidation than would 
probably occur in nature.” 

The fact that the pyrite used in the experiment was ground 
to pass a 20 mesh screen is hardly in harmony with Mr. Read’s 
statement that the physical constitution of the mineral was 
ignored. It seems to the writer that such grinding is the closest 
practicable approximation to the artificial production of highly 
porous pyrite. 

Mr. Read is correct in surmizing that a galvanic couple was 
constructed in the experiment, and when first used the couple 
probably led to greater oxidation and solution of the aluminum 
than of the pyrite. But the metal was soon covered with a film 
of its own oxide, which would reduce, if it did not reverse, the 
current, thus lessening the effect on the aluminum and increasing 


the effect on the pyrite. A. N. WINcHELL. 
UNIVERSITY OF WISCONSIN, 
October 10, 1907. 
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THE ASSOCIATION OF ALUNITE WITH GOLD IN 
THE GOLDFIELD DISTRICT, NEVADA. 


DISCUSSION OF PAPER BY F. L. RANSOME. 


Sir:—I have read with much interest the article on “ The 
Association of Alunite with Gold in the Goldfield District, 
Nevada,” by Frederick Leslie Ransome,’ and beg to present a few 
facts tending to confirm the suggestions there made as to the 
probable constitution of the ore-depositing solutions. 

Ransome suggests that the emanations from a crystallizing 
magma may be normally and initially acid, but become modified 
by passage through the rocks until, in some instances, they reach 
the state of highly siliceous alkaline solutions. In the Goldfield 
district the ores were deposited by acid solutions or vapors con- 
taining hydrogen sulphide and probably sulphurous and sulphuric 
acids, while just outside the area of ore deposition a propylitic 
aureole intimates that the emanations also contained carbon di- 
oxide which only became active at a distance from the source of 
supply. As having a direct bearing upon this hypothesis, Ran- 
some calls attention to the fact that Sainte-Claire Deville and 
Leblanc in their investigations of volcanic gases found that the 
emanation of carbon dioxide marked a later and cooler stage of 
solfataric activity than that of sulphur dioxide. 

These same scientists discovered another fact that has a still 
more direct bearing upon the case. The full statement of their 
discovery is: “ The nature of emanations at a given point varies 
with the time which has elapsed since the eruption; while, at a 
given time, the nature of the futmaroles at different points varies 
with the distance from the eruptive center.’?? This enables us 
to conceive of carbonic emissions taking place contemporaneously 
with sulphurous, but at a greater distance from the focus. 

Sainte-Claire Deville and Leblanc frequently found sulphydric 
and carbonic acids in association, but never sulphurous and car- 
bonic. As Ransome remarks, the transition could hardly be 


*Economic Geotocy, II. (1907), 667-692. 
* Ann, Chim. et Phys. [3] LII. (1858), 63. 
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abrupt. Later investigators found carbon dioxide with sulphur 
dioxide in several instances, as I have shown in a recent article.! 
Twelve analyses showing this association have come to my no- 
tice, and since the publication of the complete list entails the repe- 
tition of only four analyses, I give it below. 


FumaroLic GASES CONTAINING BotH CO. AND SOs. 





1 (Tuquerres) | 3,908 m. elevation 86 | 93.5 | Trace|o 6.5 |0o 
2 Hekla Great crater 2.44) 1.54 |0 81.81 | 14.21 
3 Vesuvius Cone of 1863-4 218 | 5.38 | Trace 79.16 | 18.46 
4 - | Half way up eruptive | 

crater 4.90 | 3.40 73-48 | 18.13 
5 3 At eruptive center 1.42| 2.61 | 2.14 | 76.22 | 17.61 
6 “s } 6 33 3.00 | 2.25 | 3.00 | 73.71 | 18.04 
7 e ce a 3-97 1.32 | 1.98 | 70.88 | 21.85 
8 Vulcano Interior of greatcrater | 360 23.40 Trace] 73.80  2.28| 0.52 
9 6 ss 250 22.00 | Trace| 66.00} 9.60) 2.40 
10 as 3 150 59.62 Trace] 27.19 10.99} 2.20 
11 Santorin 200 m. from cone of 

Giorgios 115 68.5 (12.0 | 19.4 
12 su On slope between Gior- 

giosand lavastream 110 98.5 0.4 1.0 





Authorities: (1) Boussingault, Ann. Chim. et Phys. [2], LII. (1833), 21. 
(2) Bunsen, Ann. Chim. et Phys. [3], XXXVIII. (1853), 259. (3) Franco, 
Comptes Rendus, LX VI. (1868), 159. (4) Franco, Comptes Rendus, LXVI. 
(1868), 1352. (5) Franco, Ann. Chim. et Phys. [4], XXX. (1873), 98-0. 
(6) Ibid. (7) Ibid. (8) Fouqué, Comptes Rendus, LXI. (1865), 565. (9) 
Ibid. (10) Ibid. (11) Gorceix, Comptes Rendus, LXXV. (1872), 270. (12) 
Ibid. 


Fumarolic gases containing hydrogen sulphide in company 
with carbon dioxide are not only more common than those con- 
taining sulphur dioxide with carbon dioxide, but in the analyses 
I have seen, hydrogen sulphide has always been accompanied by 
carbon dioxide. The completeness and rapidity with which the 
sulphur of hydrogen sulphide is oxidized to sulphur dioxide under 
favorable conditions is well shown by the following analyses. 
A sample of gas taken three meters deep in the Big Solfatara 
contained 99.1 per cent. carbon dioxide and 0.9 per cent. hydro- 
gen sulphide; while gas taken five meters above the opening con- 


* Economic Geotocy, II. (1907), 258-274. 
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sisted of 15.9 per cent. carbon dioxide, no hydrogen sulphide 
0.6 per cent. sulphur dioxide and 83.1 per cent. air. The tem- 
perature of the emerging gas was 112° C.1 

These facts all tend to prove that under certain conditions a 
natural result of the emission of solutions or vapors containing 
hydrogen sulphide—or sulphurous acid or sulphuric acid—and 
carbonic acid would be the formation of an inner sulphatized 
zone surrounded by an outer carbonatized zone, an alteration 
entirely similar to that which is said to have taken place at 
Goldfield. 

F, C. Lincotn. 
Butte, Montana, 
January 14, 1908. 


HOW SHOULD FAULTS BE NAMED AND 
CLASSIFIED? 


Sir:—In the discussion on faulting which has appeared in the 
pages of Economic Groxocy there has been a general recogni- 
tion of the fact that the movements are much more complex 
than had previously been admitted by students of structural 
geology. But, however complicated the phenomena of fault- 
ing may appear to be when viewed as a whole, each fault may 
be resolved into a limited number of comparatively simple ele- 
ments, present either simultaneously or successively in the course 
of the movements that gave rise to the dislocation. Faults in 
which only one of such elements is represented are rarely if ever 
encountered, but it is convenient in the first place to consider such 
ideally simple faults and thus gain a clearer idea of the ad- 
justments that occur in those of more complicated character. 

Every class of fault, it may be incidentally remarked, has a 
flexure of similar character, which may replace it, if circum- 
stances—such as the flexibility of the strata, the external pres- 
sure and the rate of movement—are favorable, and these may 
best be understood after the corresponding fault has been in- 
vestigated, though the logical sequence would be in the reverse 


*De Luca, Ann. Chim. et Phys. [4], (1876), XXVI., 204-7. 
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direction. The subject of flexure does not, however, fall within 
the limits of this communication. 

A “gravitation” fault is one which is due to the disturbance 
of the equilibrium of the vertical forces acting on adjoining por- 
tions of the earth’s crust. .This may result from the transference 
of detrital matter from an elevated region to the lower ground 
adjoining. Faults involving a gravitational element are there- 
fore often met with on the margin of mountain chains or in 
the neighborhood of coast lines, where thick deposits have been 
laid down in the adjoining sea. They might also result from 
the accumulation of ice in a glaciated region. In its simplest form 
such a fault would have no hade and the relative movement 
would be vertical. 

A “compression” fault is the result of tangential compression 
in the earth’s crust (however caused). It is often superimposed 
on gravitation faulting. When the development of folds gives 
rise to mountain masses, the consequent erosion will result in 
differential vertical movement, while at the same time the con- 
tinuance of the tangential compression will cause the higher 
masses to override the lower ground adjoining. In such cases 
the angle of the fault plane often approaches the horizontal and 
the fault is known as a thrust. 

In compression faults the movement (of the hanging wall) 
is up the fault plane and the fault is therefore a reversed fault, 
but a reversed fault also occurs as a special phase of a differ- 
ential fault (see below). 

A “tension” fault is due to tangential tension in thé earth’s 
crust. It, also, is often combined with gravitation faulting. 
Where, in the course of a flexure, one stratum slides over another 
so that the surface of relative movement is approximately parallel 
to the stratification, the dislocation is described by Dr. Marr 
(Presidential Address, Q. J. G. S. (1906) Proc., p. Ixxvi) as 
a “lag” fault. In tension faults the movement is down the 
fault plane, they are therefore normal faults; but normal like 
reversed faults also occur with differential faulting. 

Gravitation, compression and tension faults are usually ac- 
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companied by flexures on axes parallel to the strike of the fault, 
they are therefore typically strike faults, but these flexures may 
be preceded or foliowed by more powerful movements in other 
directions, so that they may in special cases be strictly speaking 
dip faults. 

A “ differential” fault is the result of differences in the char- 
acter or degree of folding or dislocation in adjoining areas. In 
a pure differential fault the fault plane Would be vertical, but as 
a result of contemporaneous or later transverse movements it has 
usually a smail hade. The fault plane is typically parallel to the 
principal direction of movement and therefore at right angles 
to the axis of folding. Accordingly unless more powerful move- 
ments of a different character supervene it will be a dip fault. 
It may however in special cases make a considerable angle with 
the dip. <A differential fault developed in connection with dif- 
ferences of lag faulting is referred to by Dr. Marr as a “ tear” 
fault (loc. cit.). 

The relative movement in a differential fault due to differences 
of folding varies in character from place to place and at any one 
point usually shows both translation and rotation. The move- 
ment may be up or down the fault plane, horizontal or oblique, 
so that the fault may be at one place normal, at another reversed, 
and at a third neither the one nor the other.1. The horizontal 
element is usually more prominent than in other faults. One 
of the most remarkable differential faults is that described by 
Rothpletz (Geologischer Fiihrer durch die Alpen, p. 32) who 
states that the eastern side of the Iller valley has been pushed 
three kilometers to the north compared with the western; in other 
words this is the relative horizontal change in position brought 
about by the difference between the folding on east and west axes 
on the two sides.? 

*In the case of a tear fault the relative change of position is approximately 
parallel to the strata. 

*Sir Archibald Geikie describes a similar horizontal movement in the north- 
west Highlands amounting to more than a quarter of a mile. “Text Book 
of Geology” (1903), p. 880. 
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The faulting in the San Francisco earthquake appears to have 
taken place in a fissure originally formed in connection with 
gravitation faulting at the western foot of the Coast Range; but 
the movement at the time of the earthquake seems to have been 
differential faulting due to forces parallel to the mountains and 


the coast line. 
Joun W. Evans. 
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The Copper Mines of the World. By \WaLter Harvey WEED. 


8vo, pp. xiv + 375; 159 illustrations. Hill Publishing Com- 

pany, New York, 1907. 

The appearance of a work upon copper mines is opportune. 
Never before has there been such widespread interest in copper 
mining. The average high prices for the metal during the past 
two years have stimulated its production and enlisted enormous 
amounts of capital in the development and equipment of copper 
mines. Manuals of copper mines were already in existence, but 
no competent authority had ever before attempted a description 
of all the great copper districts from a geologic and economic 
point of view, detailing the very facts that are of interest and 
often of vital importance to both scientist and investor. Indeed 
there are few who are fitted by scientific ability, wide general 
experience and special familiarity with the subject to prepare 
such a treatise. 

The work is divided into two parts: Geology of copper and 
descriptions of the principal copper mines of the world. In the 
first part of 81 pages are seven chapters discussing distribution, 
production, mineralogy, geologic occurrence, outcrops and gos- 
sans, genesis and classification of copper ores in general. The 
second part comprises ten chapters and nearly 300 pages describ- 
ing in more or less detail the copper mines of the globe. This 
part is necessarily in large portion a compilation; but the author 
has availed himself of a wide range of literature and exercised 
good judgment in the selection of his authorities, using also sec- 
tional diagrams, photographs and maps wherever they are 
available. 

Despite the wide distribution of copper the world’s supply is 
chiefly derived from less than 250 mines, of which the United 
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States has 58; Japan, 38; Chile, 31; Australia, 28; and the other 
parts of the world the remaining 95. In fact the bulk of the 
world’s supply comes from 170 mines, and five great mines pro- 
duce sixty per cent. The world’s production for 1906 is esti- 
mated at 1,576,450,672 pounds, of which the United States pro- 
duced approximately 55 per cent. Mexico is next with a pro- 
duction of one sixth that of the United States; and Spain follows 
with about one eighth as much as we produce. The United 
States not only produces more than all the rest of the world put 
together; but consumes as much as all Europe, not including 
England. Tables of production and consumption are given 
showing what becomes of the copper as well as the countries of 
its production. In ten years the increase in the world’s produc- 
tion has been 84 per cent.; that of the United States 148 per 
cent., the latter having doubled in the past nine years. 

The copper industry of this country practically began in 1850 
with a total production of 650 tons, of which 572 tons are cred- 
ited to the newly opened mines of Michigan. Ten years later 
the product was more than ten times as great, according to cen- 
sus returns, being 7,200 tons, of which 5,492 tons were from 
Michigan, and the balance from Tennessee. In 1870 the Lake 
Superior mines furnished 86 per cent., and Vermont the next 
largest percentage of the total of 12,600 tons. In 1880 the 
Arizona mines became an important factor. In 1890 Michigan 
was nearly overtaken by Montana, which started production in 
its own reduction works in 1884. Together these two states 
produced in that census year 100,000 tons of a total for the coun- 
try of 126,839 tons. In 1900 Montana’s production was far in 
the lead, a position which has been maintained until now, despite 
the opening of new mines and enormously increased output in 
both Michigan and Arizona. 

The precious metal content of the copper ores of the United 
States amounted to 237,116 ounces of gold, and 15,769,327 
ounces of silver in 1904. 

Tables are presented showing the variation in prices and in 
production for a term of years. The price is seen to be rising 
on the average, and the question is raised as to the source of 
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future supply. Attention is called to the fact that copper mines 
are not inexhaustible and “‘ even Methuselah died.” Many large 
producers have passed their zenith and must decline. The won- 
derful Tanganyika deposits in Africa are apparently overlooked 
for the moment, for it is predicted that the required increase will 
come from North America, first from Nevada, Utah and Mexico; 
next from British Columbia and Alaska. 

The cost of working copper ores is shown to be extremely 
variable, depending upon their richness, location, mineralogical 
composition, character of their gangue, cost of mining and other 
factors. Sulphide ores carrying only 1.11 per cent. copper and 
low values in gold and silver are mined and smelted to a 30 per 
cent. matte at a cost of 14s. 9d. per ton in New South Wales, 
while in Butte the mining cost alone is $3.50 (even higher at 
Bisbee), and at Globe it is $5.00 per ton. Contrasted with these 
costs are those of goc. at the Atlantic mine, 96c. at Granby and 
84c. at the mines of the Tennessee Copper Company. Smelting 
costs vary from $1.60 per ton, as in the Boundary district, to 
$3.20 where the ores require fluxing, as in the Rocky Mountain 
region (and $8.00 or more where oxidized ores are smelted, as 
in the Warren district, Arizona). 

Complex ores containing copper, lead and zinc sulphides are 
most troublesome and costly to treat, but the problem is said to 
have been solved at Lake George, N. S. W., “ where 1.11 per 
cent. copper ore, high in lead and zinc, is mined, smelted and 
marketed for $2.54 per ton, yielding a small margin of profit.” 

Under “ Mineralogy of Copper” a copper ore is defined as 
“any rock or mineral mixture containing copper enough to mine 
and extract at a profit,” according to which definition, what was 
ore last year with copper at 25c. per pound is not ore to-day, and 
what was not ore ten years ago may be ore of great value under 
the improved metallurgical processes of to-day. 

The various copper minerals are described, and it is stated that 
chalcopyrite is the most common, while chalcocite is the most 
important ore of the metal in the copper mines of America. 
Chalcopyrite is both primary and secondary and is said to be 
“the universal primary ore of copper deposits,” a statement that 
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is generally true, and yet has important exceptions. Attention 


is called to the interesting fact that “ pure pyrite, so far as crys- 


tallographic and microscopic tests can determine, carries a small 
amount of copper; and the precise nature of this copper content 
is not known.” Such cupriferous pyrite undoubtedly represents 
the primary ore in many of our largest copper camps to-day. 

Copper deposits occur in rocks of all geologic ages, although 
the deposits themselves are in large part post-Cretaceous. They 
are closely related with, igneous rocks and characteristically con- 
fined to mountain regions. 

Copper ores occur in deposits of various forms as well as in 
varied rocks. They may be found in lenses in crystalline schists, 
in veins usually cutting igneous rocks, in irregular deposits in 
limestone and shale, in tabular deposits following the contacts 
of dikes, in stockworks and disseminations through various rocks 
both sedimentary and eruptive, and in bedded deposits in sand- 
stones of Triassic age. 

The outcrops and gossans of copper deposits are described; 
and attention is called to the fact that “ many worthless veins 
show great gossan outcrops,” while “ the great veins of Austra- 
lia, of Butte, and of Morenci have no iron cap, but show incon- 
spicuous, sometimes undiscernible, outcrops of rotted rock and 
quartz’ with practically no copper stain. 

Many copper deposits show a vertical distribution of material 
in belts or zones which may be distinguished as (1) zone of 
weathering, or surface zone; (2) zone of sulphide enrichment; 
(3) pyritic zone of lean ore. 

The chemistry of oxidation and of the formation of the later 
sulphides is discussed. To sulphur and sulphuretted hydrogen 
is attributed the power to reduce copper from the diad to the 
monad state; although the precipitate formed by the latter is 
chiefly a cupric compound. 

As for the frequent association of certain rocks with copper 
deposits it is stated that “ the great workable ore bodies of North 
America occur in connection with monzonites and quartz porphy- 
ries’; that “ copper deposits occur in America in abundance in 
or about Tertiary acid eruptive rocks, such as granulite (aplite) 
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and rhyolite, contrary to the observations of the European geolo- 
gists who affirm an intimate dependence between copper deposits 
and basic rocks. The presence of copper in basic rocks, and of 
deposits derived from them is of world-wide occurrence. The 
diabases in particular appear to carry copper, but in unequal dis- 
tribution, not all diabase carrying this metal. Lake Superior is 
the most famous example.’’ In Chile the gold-copper veins are 
associated with moderately or highly siliceous eruptive rocks, 
quartz diorite, syenite, quartz porphyry, rhyolite, or quartz gab- 
bro. The association of copper deposits and granitic rocks, such 
as quartz monzonite and quartz porphyry, is observed at all the 
great copper districts of Montana, Utah, Arizona, Japan and in 
many parts of the world. Igneous contacts are said to be 
“favorable,” especially in limestone. In fact, copper deposits 
may be found almost everywhere. “ The primary ores are gov- 
erned in their occurrence by certain recognized laws; they are 
associated with basic rocks, or are contact deposits of acid igne- 
ous rocks. The reconcentration of the copper of such deposits 
in workable bodies may, however, occur in any convenient rock, 
though it is most apt to take place in those whose permeability 
or shattering or congenial chemical composition offers favorable 
conditions.” 

One of the most interesting chapters to the student of ore 
deposits is that on the “ Genesis of Copper Deposits.” The posi- 
tion is taken that practically all workable deposits of copper ove 
are the result of concentrations effected by circulating waters, 
usually of atmospheric origin, which have leached lean “ orig- 
inal ores in an especially favorable location more or less near by. 
Often the evidence shows repeated concentrations.” 

In general copper deposits are believed to have had an origin 
as follows: 

1. Contained in the earth’s interior. 

2. Brought toward the surface by uprising magma. 

3. Transported by igneous emanations from the cooling rock. 

4. Sometimes by hot waters perhaps mingled with meteoric 


water. 
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5. In order to be workable the deposits formed by the above 
agencies must be concentrated by surface waters. These vari- 
ous points are discussed at length. 

In attempting to classify copper deposits the author has made 
use of some thirty types, many of which are with difficulty and 
considerable uncertainty distinguished from each other. The 
main divisions are: 

I. Igneous deposits, formed by segregations of molten mag- 
mas. 

II. Emanation deposits, formed by vapors and gases emanat- 
ing from molten igneous material (at or above 364° C. and a 
pressure of 200 atmospheres). 

III. Deposits formed by hot ascending waters—hot spring 
deposits. 

IV. Deposits formed by atmospheric waters. 

V. Metamorphic deposits. 

VI. Sedimentary deposits. 

Under each of these main divisions are sub-divisions and types, 
characterized by some particular mineral, or structure or asso- 
ciated rocks. Such a refinement of classification is much to be 
admired as evincing exhaustive study into all the existing varia- 
tions of copper ores; but some doubt arises in the mind of the 
reader as to its utility or possible aid to the investigator of any 
particular copper district. How many geologists for example 
know wherein and to what extent a quartz vein of the Virgilina 
type containing bornite, chalcopyrite and pyrite varies from the 
quartz veins of Butte containing the same minerals? 

It is admitted that the classification is not perfect, and that 
further investigation may change our conceptions. The Huelva 
type (not specifically so-called in the table) is said to be “ mis- 
leading but convenient,” embracing as it does deposits with dif- 
ferent structural and mineralogical characters. And in the in- 
terest of simplicity and convenience, it seems hardly necessary 
to make one type for each accessory mineral found in the ore, 
such as tourmaline, fluorite, etc. 

Descriptions of the various copper properties of all lands make 
up the remainder of the work, the final 114 pages before the in- 
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dex being devoted to the copper mines of the United States. 
This portion of the book is of great interest and value to both 
scientist and layman. The ordinary man of affairs desirous of 
informing himself of the facts regarding any particular district 
or its comparative advantages or importance finds here concisely 
and authoritatively stated the most recent information. 

Mechanically the work is good. The typography, illustrations 
and paper are excellent; and the feelings of the purchaser are not 
outraged by a forty or fifty-page catalogue of other publications 
such as at times is bound into scientific books. 

A few inaccuracies will almost inevitably creep into so exten- 
sive a work. Some of the illustrations, as on pages 92 and tor, 
have no explanatory legends. Such blemishes are, however, 
usually far more abundant and noticeable. 

In the field of practical geology this is one of the most impor- 
tant and valuable works published in recent years; and it is to 
be hoped that it will be greeted with deserved appreciation, both 
here and abroad. H. V. WincHELL. 


Peabody Atlas. Prepared by Mr. A. Bement for the Peabody 

Coal Company of Chicago. 

This atlas is a folio of 150 pages. It comprises maps and ex- 
planatory text. Of the maps there are 25 sheets, drawn to the 
scales of from three to six miles to one inch, and shows the posi- 
tion of practically all the commercial mines in Illinois, Indiana, 
Ohio, Michigan, Iowa, Missouri, and western Kentucky, this 
territory forming what is sometimes known as the Central Com- 
petitive District. These are introduced with key maps and a 
brief geological report on the coals, their stratigraphic position, 
structure and composition, and some general stratigraphic data. 
Of almost, if not equal value to the practical coal man are the 
several lists of mines, with the usual accompanying data, such 
lists being alphabetical by localities, by states, and by railroads. 
In addition well-illustrated chapters on the smokeless consump- 
tion of soft coals, and methods for increasing the efficiency of 
boilers, give added value to the volume. 

That there should be some omissions of mines from the maps 











814 REVIEWS 


is not to be wondered at considering the wide field covered and 
the constant opening of new mines and closing of old mines. 
Furthermore, the critic will in some cases find that the scale of 
the map has been stretched in giving the location of individual 
mines, but these are minor features which detract but little from 
the value of the maps as a whole. 


Halberstadt’s Atlas of the Bituminous Coal Mines of Pennsylvania. 

By Bartrp HALBerstapDtT, of Pottsville. 

What Mr. Bement in the Peabody Atlas does for the Central 
Competitive Field, Baird Halberstadt, of Pottsville, has done 
for the bituminous coal mines of Pennsylvania, a new edition of 
his well-known map having just appeared. Past editions of this 
atlas are already too well known to need extended notice. The 
map is in folded sheets on the scale of four miles to one inch. 
It shows the location of the mines, and the railroads serving 
them. A study of the map and accompanying index by any one 
familiar with the field will convince such a one that Mr. Halber- 
stadt has spared no pains to make his locations accurate and to 
bring his data on the ownership of the mines up to the very 
moment of publication. This is a matter of no small difficulty 
when it is considered that in most of western Pennsylvania 
numerous, and for the most part small, operations are still the 
rule, with the result that the small mines are constantly changing 
hands. 


Coal Fields of Southwestern Pennsylvania. By JouHn W. BoILeau, 
of Pittsburg. 

This is the latest addition to this list of private publications 
of the year. In a quarto volume of nearly 100 pages, Mr. 
Boileau discusses the largely undeveloped coal fields of south- 
western Pennsylvania from the geologic, historic, commercial, 
and prophetic standpoints. He sums up the geology of the re- 
gion briefly, laying special emphasis on the Pittsburg coal bed, 
its extent and structure, quality and adaptability of the coal to 
various uses. From the historical standpoint he reviews the 
early development of this field, traces the gradual expansion of 
development and trade, with special emphasis, well fortified by 
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figures, on the enormous increase in the value of coal lands in 
the area of the Pittsburg bed. This leads up to the commercial ” 
questions involved at present. Here, by means of diagrams and 
charts, he shows the areas and tonnages worked out and remain- 
ing unworked. He points out the rapid depletion of the basins 
of coal now being worked, and then shows the availability of the 
largely undeveloped field west of the Monongahela River for the 
manufacture of coke and for other uses. He shows by charts 
the relative cost of mining and freight in various parts of the 
field, and brings out the discrimination in freight rates on lake 
shipments from the Pittsburg district, in a manner that may pave 
the way to a revision of the tariffs. The statements as to the 
availability of the Pittsburg coal for coke making in the unde- 
veloped fields of southwestern Pennsylvania are backed up by 
numerous letters from men prominently identified with the coal 
and coke industry. 

From the prophetic standpoint he shows, by diagrams and 
maps, where future development is bound to be. He indicates 
the length of life of the different fields, based on the growing 
rate of production, and estimates the reserves. His charts indi- 
cate the period at which different basins will reach their maxi- 
mum production, and their gradual decline until exhaustion. 

Taken as a whole the main criticism of this volume is its entire 
lack of arrangement. It resembles a scrap book of valuable 
facts on one general subject more than anything else. It is 
avowedly largely a compilation of facts, figures, maps, and opin- 
ions, many of which have been more fully published elsewhere. 
Nevertheless, in bringing these facts and figures together in one 
volume, together with a large amount of new information, Mr. 
Boileau has rendered a distinct service to every one interested in 
the Pittsburg coal field, its past, present or future. It is safe to 
say that from the industrial and commercial side this volume will 
be the standard work of reference on the Pittsburg coal field in 
Pennsylvania for some time to come. That the volume is evi- 
dently written to call attention to the Green County coking coal 
field need not detract from its value if we assume, as we have 
every right to, that the facts presented are accurate. 

G. H. AsHtey. 
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GOLD. 


Gold in Eastern Servia. Min. Jl. Oct. 5, 1907. P. 417. With a sketch 
map. (Abstracted from “Or et Cuivre de la Serbie Orientale.” By 
D. Iovanovitch. Dunod & Pinat, Paris.) 

The Gold Mining Industry of Nova Scotia. By E. Percy Brown. 
Canadian Mining Journal. New ser., Vol. 3, 1907. Pp. 269-274. 

Mining Statistics of Western Australian Gold Fields. January-March, 
1907. Perth. 

Notes on the Auriferous Conglomerates of the Witwatersrand. By R. B. 
Younc. Trans. of the Geol. Soc. of S. Africa. Vol. 10, 1907. Pp. 
17-30, with 3 plates. 

Note on the Gold-bearing Rock of the Ayrshire Mine, Lomagundi, Rho- 
desia. By R. Becx. Trans. of the Geol. Soc. of S. Africa. Vol. 10, 
1907. Pp. 13-16, with plate. 

The Occurrence of Alluvials in Hungary and Transylvania, and the 
Profitableness of Working them on a Large Scale by Means of Dredges. 
By Louis HorvatH. Min. Jl. Vol. LXXXII., 1907. Pp. 317, 323, 
352-355. With 6 photos. (Translated from ‘“ Montan Zeitung.”) 

L’or dans le Monde. By L. DeLaunay. Geologie Extraction Economie 
politique Paris bei Armand Colin, 1907. 265 pp. 

Origin of Gold in the Rand Banket. By J. W. Grecory. Paper read 
before the Brit. I. M. M. Bull. No. 37. Oct. 10, 1907. 8 pp. 

Report on Gold at Port Cygnet and Wheatley’s Bay, Huron River. By 
W. H. Twetvetrees. Gov. Geologists’ Office, Launceston, Tasmania, 
June 22, 1907. II pp. 

Report on Gold at Port Cygnet and Wheatley’s Bay, Huron River. By 
W. H. Twetvetrees, Govt. Geologist. Hobart, Tasmania, 1907. 

The Past, Present and Future of the Rand. By H. C. Benr, H. H. 
Jounson, S. J. JEnNinGs and A. M. Ropeson. Min. Jl. Vol. LXXXIL, 
1907. Pp. 294-295, p. 326. (Abstracts of president’s retiring address 
to the South African Association of Engineers and valedictory ad- 
dress to the Transvaal Institute of Mechanical Engineers and the 
inaugural address of the president to the Transvaal Institute of Me- 
chanical Engineers. ) 


_ 


IRON. 
The Iron Deposit of Cerro de Mercado, Durango, Mexico. By Eb. 
Hatse. Min. Jl. Sept. 7, 1907. P. 310. 
Le Gisement de Fer de Wabana, Belle Isle (Newfoundland). By F. 


Hater. Ann. des Mines de Belgique. Vol. XII., No. 4, 1907. Pp. 
981-997, with 3 plates and 5 photos. 
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Note sur le Mineral de Fer Silurien de Basse-Normandie. By E. Heur- 
TEAU. Ann. des Mines. Vol. XI., No. 6, 1907. Pp. 613-668, with 2 
structure sections, 5 figs., and 3 geol. maps. 

Die Eisengewinnung im Fichtelgebirge und deren Geschichte. By V. 
Scumipt. Erzbgb. Aug. 15, 1907. Pp. 311-314. 

Description of the Mine Fields at Grangesberg (Sweden). By Nuss 
Hepserc. Jern kontorets Annaler. 1907. 58 pp. 


* NICKEL. 


Die Erzgange der Umgebung Dillenburgs. By Dirxmann. Erzbgb. 
Sept. 15, 1907. Pp. 348-349. 

Die Sudbury-Nickelerze. By A. P. Coteman. Zeitschrift f. prakt. 
Geologie. Vol. 15, 1907. Pp. 221. 

The Production of Nickel, Cobalt, Tungsten, Vanadium, Molybdenum, 
Titanium, Uranium, and Tantalum in 1906. By Frank L. Hess. 
Advance chapter from Mineral Resources of the U. S. U. S. Geol. 
Survey, Washington, 1907. 26 pp. 


NON-METALLIC DEPOSITS. 


ASPHALT. 


Notes on the Geology and Mineral Resources of Trinidad and Barbadoes. 
By R. W. Exits. Ottawa Naturalist. Aug., 1907. 7 pp. 


BORAX. 


The Borax Deposit of Salinas, near Arequipa, Peru. By A. JocHamo- 
witz. Min. Jl: Aug. 24, 1907. P. 247. (Abstracted for “The 
Mining Journal” by Edward Halse from Bol. del Cuerpo de Ing. de 
Min. del Pert, No. 49, Lima, 1907; p. 24. With appendix, 1 plate of 
views, and 2 large plates.) 


COAL. 


Coal Briquetting in the United States. By E. W. Parker. Can. Min. 
Jl. Vol. I., New series. Pp. 428-435, 467-472. With 11 figs. (Paper 
read at Toronto Meeting of A. I. M. E.) (The material from which 
this paper has been prepared was collected for the U. S. Geological 
Survey Bulletin, contributions to Economic GroLocy, 1906, and ap- 
pears also, though in somewhat more extended form, without illus- 
trations, in that publication.) 

The Geology of the Coatbridge and Motherwell and Glasgow Districts. 
Ir. Coal Tr. R. 30, Aug., 1907. Pp. 737-738. 
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The Geology of the South Wales Coal-Field. Part VII. The Country 
Around Ammanford. By A. Strauan, T. D. Dantritt, E. L. Dixon, 
and H. H. Tuomas. Price 2s. 6d. Part VIII. The Country Around 
Swansea. By A. Srrauan, R. H. Tippeman, W. Grsson, and L. 
Dixon. With maps and supplementary Geological Bibliography of 
South Wales and Monmouthshire by O. T. Jones. Price 2s. 6d. 
London: The Geological Survey. 

Notions nouvelles sur la formation des charbons de terre. By C. E. 
BERTRAND. From “Revue du mois.” 24 pp. Paris. 

Le Gisement houiller du Limbourg néerlandais. By A. Detmer. Ann. 
des Mines de Belgique. Vol. XII., No. 3, 1907. Pp. 681-712, with 2 
figs., 2 maps, One I: 100,000, and the other 1: 500,000; and 1 plate of 
4 sections I: 160,000. 

Nota sobre el Carbon de Salagasta. By E. H. Ducroux. Anales 
de la Soc. Cient. Argentina. Apr., 1907. 4 pp. 

Klassifikation der Braunkohlen. By Erpmann. Braunkohle. Sept. 
10, 1907. Pp. 393-396. 

Der Berkwerksbetrieb auf dem Vraunkohlenvorkommen zwischen Kolzig, 
Weisswasser, Muskau und Teuplitz in der Niderlausitz unter be- 
sonderer Veriicksichtigung seines Hinflusses auf die Verhiitung der 
Selbstentziindung der Kohle. By B. Riecer. Gliickhauf. Sept. 7, 
1907. Pp. 1150-1167, with 30 figs. 

Peat in the United States in 1906. By M. R. Camppetrt. Advance 
chapter of Mineral Resources U. S. for 1906. 4 pp. 


CORUNDUM. 


Corundum at Craigmont. By H. E. T. Hautrain. Canadian Mining 
Jour. New ser., Vol. 1, 1907. Pp. 291-296. 


DIAMOND. 


The Origin and Occurrences of the Diamond. By T. W. E. Davi. 
Min. Jl. Aug. 24, 1907. Pp. 244-245. (From the “ Sydney Morning 
Herald.”) 

The Origin of Diamonds. By F. W. Voir. Min. Jl. Sept. 14, 1907. Pp. 
327-328. (Paper read before the_Geol. Soc. of S. Africa.) 

Ueber das Vorkommen von Kimberlit in Gangen und Vulkan-Embryonen. 
By F. W. Voir. Zeitschrift f. prakt. Geologie. Vol. 15, 1907. Pp. 
216-219. 

Kimberlite Dykes and Pipes. By F. W. Voir. Min. Jl. Vol. LXXXII. 

Pp. 357, 389-390. (Paper read before the Geol. Soc. of S. Africa.) 











820 RECENT LITERATURE ON ECONOMIC GEOLOGY 


The Occurrence in Kimberlite of Garnet-pyroxene Nodules Carrying 
Diamonds. By Geo. S. CorstopHine. Trans. of the Geol. Soc. of S. 
Africa. Vol. 10, 1907. Pp. 65-68. 

Geological Survey of the Eastern Portion of Griqualand West. By 
Avex. L. Du Torr. Eleventh Ann. Rept. Geol. Commission. Cape 
Town, 1907. Pp. 87-176, 13 figs. 

Les Pierres Précieuses a Madagascar. By A. Dapren. Bull. de |’Assn. 
Amicale des Eléves de I’Ecole Nat. Supérieure des Mines. Aug. and 
Sept., 1907. II pp. 


GLASS. 
Production of Glass Sand in 1906. Advance chapter, Min. Rev. U. S., 
1906. 
PETROLEUM. 


L’Industrie du Pétrole en 1903, 1904, 1905. By L. Demarer. Extrait 
du 2° Fascicule des Annales des Travaux Publics de Belgique. April, 
1907. 50 pages with 14 figs. 

L’Industrie des Hydrocasbures en Italie. By E. CaMERANA. Communi- 
cation to Third International Petroleum Congress at Bucharest. 1907. 
44 pp., 5 plates. 

The New Tilbury and Romney Oil Fields of Kent County, Ontario. By 
Eucene Coste. Canadian Mining Jour. New ser., Vol. I., 1907. 
Pp. 265-268. 

PHOSPHATE. 

The Phosphatic Deposits near Dandaraga. West Aust. Geol. Survey. 
Bull. No. 26, 1907. 10 pp., I map. 

Die Entphosphorung von Roheisen. By Horer. Giess. Z. Sept. 15, 
1907. Pp. 545-546. 

STONE. 

On Granite and Gneiss: Their Origin, Relations and Occurrence in the 
Pre-Cambrian Complex of Fenno-Scandia. By J. J. SEDERHOLM. 
Bull. Com. Geol. de Finlande. No. 23, June, 1907. 110 pp. (Con- 
tains a summary in English.) 

The Stone Industry in 1906. By A. T. Coons. Advance Chapter from 
Min. Res. U. S. 1906. 39 pp. 


TALC. 
The Henderson Talc Mine. Can. Min. Jl. Nov. 1, 1907. Pp. 485-487, 
with 6 photos. 


Production of Talc and Soapstone in 1906. By A. J. Cottier. Advance 
chapter from Mineral Resources U. S. for 1906. 7 pp. 
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WATER. 


The Prospects of Obtaining Artesian Water in the Kimberley District. 

Ueber die Bewegung von Grundwasser. By J. M. K. Perninx. Vortrag. 
Zeit. d. Osterr. Ingen. u. Architekt. Vereins LIX. 1907. Pp. 506-510, 
523-526, with 42 figs. 

Water Resources of the Kennebec River Basin, Maine. By H. K. Bar- 
rows. With a section on the quality of Kennebec River water. By 
GeorGE C. WurppLe. Water-supply paper U. S. Geol. Survey No. 
198. 1907. 227 pp. 

The Production of Mineral Waters in 1906. By Samuet Sanrorp. 
Advance chapter from Mineral Resources of the U. S., U. S. Geol. 
Survey, Washington, 1907. 34 pp. 

Quellen und Ziele bergbhaugeschichtlicher Untersuchung. By Fr. Frese. 
Zeitschrift f. prakt. Geologie. Vol. 15, 1907. Pp. 174-183. 

Annual Report of the Secretary for Mines and Water Supply for 1906. 
Victoria. 170 pp. 1907. Melbourne. 


GENERAL PAPERS ON MINERAL DEPOSITS. 


REGIONAL REPORTS. 

Boletin del cuerpo de ingenieros de Minas del Peru No. 51. Lima, 1907. 
66 pp. 

Estadistica minera del Peri en 1906. Por German Kuince. Lima, 
1907. 39 PP. 

Finlands Nutzbare Lagerstatten. Zeit. f. prakt. Geol. Sept., 1907. 
Pp. 294-302. 

Geology of North Central Wisconsin. By SAMUEL WEIDMAN. Bull. No. 
16, Wisconsin Geol. and Nat. Hist. Survey. 1907. Pp. 635-68. 
Madison. 

Geology of Parapara Subdivision, Karamea, Nelson. By J. M. Bett. 
Bull. No. 3 of New Zealand Geological Survey. 1907. Wellington, 
New Zealand. 111 pp., with maps. 

Geology and Mineral Resources of Korea. By Kinosuke INovuyE. 
3ulletin of the Imperial Geological Survey of Japan. Vol. 20, No. 1, 
1907. 219 pp. Tokyo. (In Japanese.) Also geologic map of Korea. 

Die geologischen Verhaltnisse des Mittelrheingebietes und die darauf 
gegriindeten Industrien. By E. KAiser. Vortrag in Koblenz. Vukan 
VII., 1907. Pp. 84-88. 

Zur geologischen Geschichte des Kilpisjarwi-Sees in Lappland. By V. 
TayNeErR. Bull. de la Comm. Geol. de Finlande, No. 20. Helsingfors, 
1907. 23 pp., with I map and 2 plates. 
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Zur Geologischen Geschichte des Kilpisjarwi-Sees in Lappland. By V. 
TANNER. Bull. de la Com. Geol. de Finlande. No. 20, 1907. 23 pp. 

Geologist’s Report of Progress. By J. B. Scurivenor. (Feder. Malay 
States.) Sept., 1903, to Jan., 1907. Kuala Lumpur, 1907. 44 pp., 
with I map. 

The Geology of the Land’s End District. By C. Reip and J. S. Frerr, 
With contributions by B. S. N. Wirxinson, L. Dixon and W. Pot- 
LARD. Mining Appendix by D. A. McAttister. Memoirs of the 
Geol. Survey, England and Wales. Explanation of Sheets 351 and 
358. 3s. 6d. London. Wyman & Sons, Limited. 

The Geological Aspects of South African Scenery. By G. S. Corsror- 
PHINE. Proc. of the Geol. Soc. of S. Africa., 1907. Pp. xix—xxvii. 
Geological Survey of Parts of Bechuanaland and Griqualand West. By 
A. W. Rocers. Eleventh Ann. Rept. Geol. Commission. Cape Town, 

1907. Pp. 7-85. 12 figs. 

ilinois State Geological Survey, Bull. No. 4. Year-Book for 1906. 
Urbana, Ill. 1907. 260 pp. 

The Mineral Resources of the Island of Sakhalin. Min. Jl. Sept. 28, 
1907. Pp. 386-387, with 4 photos. 

The Mineral Resources of New Zealand. Some Suggestions for their 
Development. By T. Hitton. New Zeal. Mines Record, May 13, 
1907. Pp. 419-425. 

The Mining Industry of New Zealand. Some Suggestions for its Devel- 
opment. By P. E. Cueart. New Zeal. Mines Record. June 17, 
1907. Pp. 459-466. 

Die nutzbaren Mineralien Spaniens und Portugals. By Jon. AHLBURG. 
Zeitschrift f. prakt. Geologie. Vol. 15, 1907. Pp. 183-210, with 
map. 

Norges bergverksdrift 1904 og 1905. (Satistics of mines, etc.) Statis- 
tiske Centralbureau. Kristiania, 1907. 84 pp. 

The Mineral Wealth of the Province of Santiago de Chuco, Peru. By 
F, M. SantTotatta, Min. Jl. Vol. LXXXII. Pp. 388-380, 440. 

(Abstracted from Bol. del Cuerpo de Ing. de Minas del Peru, No. 
46, Lima, 1906. 120 pp., with sketch plan and 6 views.) 

Monografia Minera de la Provincia de Huamachuco. By F. M. Sanro- 

‘ LALLA. Lima, Peru: Cuerpo de Ingenieros de Minas. 

Riqueza Minera de la provincia de Leon, sur description industrial y 
estudio de soluciones para explorarla. By J. Revirta. Madrid, 1907. 
312+ 71 pp., with plates and figs. 

Note sur la Geologie et les Mines de la Région comprise entre Lao-Kay 
et Yunnan-Seu (Indo-China). By M. H. Lanrenors. Annal des 
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Mines. Vol. XI., 1907. Ist part: geology, No. 3; pp. 300-383, with 1 
colored geol. map, 1:500,000; and 1 colored plate of 12 structure 
sections. 2nd part: Mines; No. 4; pp. 385-503, with 1 geol map, 
1:500,000; I plate of 5 structure sections, and 1 plate of 18 photo- 
gravures of fossils. 

Colonie de Madagascar et Dependences. Bulletin Economique. 7° 
Année. Permier Trimestre, 1907. No. 1 (Tananarive: Gouvernement 
Général. ) 

Miscellaneous Reports (1-8) of the Geological Survey of Western Aus- 
tralia. Perth, 1907. 87 pp., with 6 maps. 

Die neuentdeckten Erzlager zu Mayari auf Kuba. St. u. E. Sept. 18, 
1907. Pp. 1358-61. 

Papers and Reports Relating to Minerals and Mining. Wellington, 
New Zealand. 1907. 

Titaniferous Basalts of the Western Mediterranean. By H. S. Wasu- 
INGTON. Quart. Jour. Geol. Soc. Vol. 63, 1907. Pp. 69-79. 

Report on the Bell Mount and Middlesex District. By W. H. Twetve- 
TREES Gov. Geologist’s Office, Tasmania. June 17, 1907. 29 pp. 

Report on the Results of the Mineral Survey in 1905-6 of Ceylon. By 
W. R. Dunstan. 2%d. London, Wyman & Sons, Limited. 

Report on the Mining Industry of Natal for 1906. By C. J. Gray. 
Pietermaritzburg, 1907. 85 pp. 

Report of the Bureau of Mines of Ontario for 1906. Vol. XV., pts. 1 
and 2. Toronto, 1906. 218 pp. 

Report of the Department of Mines of Western Australia for 1906. 
Perth, 1907. 324 pp. 

Report of the Chief Inspector of Mines in India for 1906. By W. H. 
PICKERING. Calcutta, 1907. 120 pp. 

Annual Report of the State Geologist, Geological Survey of New Jersey, 
for the Year 1906. Trenton, 1907. 192 pp. 

Thirty-first Annual Report of the Department of Geology and Natural 
Resources of Indiana for 1906. By W. S. Biarcutey. Indianapolis, 
1907. 772 Ppp. 

Eleventh Annual Report of the Geological Commission. Cape Town, 
1907. 176 pp., 25 figures. 

Trans. Geol. Soc. of South Africa. \2ol. X, 68 pp. Johannesburg, 1907. 

Ueber die Erzgange zu Traag in Barule, Norwegen. By J. H. L. Voor. 
Zeitschrift f. prakt. Geologie. Vol. 15, 1907. Pp. 210-216. 
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MINERALOGY AND PETROGRAPHY. 


Mikroskopische Physiographie der Mineralien und Gesteine. Ein Hilfs- 
buch bei mikroskopischen Gesteinsstudien. Bd. II. Mikroskopische 
Physiographie der Massigen Gesteine, Erste Halfe Tiefeugesteine, 
Sanggesteine. By H. Rosensuscu. New edition, XIII.; 716 pp. 
Stuttgart, 1907. (Summary in Centralb. f. Min. Geol. u. Pal., Sept. 15, 
1907; pp. 551-569.) 

The Titaniferous Basalts of the Western Mediterranean. By H. S, 
WASHINGTON. Quart. Jl. Geol. Soc. Vol. LXIII., 1907. Pp. 69-79. 


GENESIS OF ORE DEPOSITS. 

The Origin of Deposits of Pyrites. By A. B. Wit~tmont. Can. Min. 
Ji. Nov. 1, 1907. Pp. 500-503. (Paper read at Toronto Meeting 
A. I, M. E.) 

The Influence of Varying Degrees of Superfusion in Magmatic Differ- 
entiation. By A. C. Lane. Jl. Can. Min. Inst. Vol. IX. 8 pp, 
with 1 diagram. 

Beitrage zur Kenntnis der chemischen Konstitution und der Genese der 
natiirlichen Hisensulfate. By R. Scuaritzer. Zeit. f. Krist. 43, 
1907. Pp. 113-129, with 2 figs. 

Die Genesis des sachsischen Granulitgebirges. By H. CrepNer. Cen- 
tralb. f. Min. Geol. u. Pal. Sept. 1, 1907. Pp. 513-525. 


MAPS. 


Carte géologique des Alpes-Maritimes. By M. C. PeLtecrin. In colors, 
scale 1: 250,000. Nice, A. Saleron. 

Carte géologique de la France en quatre feuilles, a 1’echell de 1: 1,000,000, 
executée en utilisant lea documents publiés par les service de la carte 
géologique détaillée de la France. Paris, C. Béranger. 4 sheets, p. 
fr. 50. 

Geologische Karte von Preussen und benachbarten Bundesstaaten, 
1: 25,000. By J. Korn. Herausgeg. v. d. kgl. preuss. geol. L. A., 
liefer 118, 4 sheets, with explanation, and 1 colored map of the coal 
beds. Berlin, 1906. Price 8 M. 


UNCLASSIFIED. 
A Century’s Geological Progress. Editorial, Min. Jl. Aug. 24, 1907. 
P2581. 
Summary of Progress of the Geological Survey of Great Britain and the 


Museum of Practical Geology for 1906. is. London, Wyman & 
Sons, Limited. 
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Estadistica Minera del Peru en 1906. Por German KuincE, Ingeniero 
de Minas. Lima, Pert, Cuerpo de Ing. de Minas. 

Las Formaciones Volcanicas de la Provincia de Gerona. By S. Cat- 
DERON, M. Cazurro, and L. Fernanpnez-Navarro.. Mem. R. Soc. Esp. 
Hist. Nat. Vol. IV., 1907. Pp. 159-489, 10 plates, and 3 maps. 

Geological Survey of India, Vol. XXXV., Pt. 1. Calcutta, 1907. Con- 
tents: Director’s Report, by T. H. Hottanp; Dokachi meteorite, by 
L. L. Fremor. 

Geologische Prinzipienfragen. By E. Reyer. Leipzig, 1907. Wilhelm 
Engelmann. 202 pp., with 254 figs. Price M. 4, 40. 

Grundziige der Gesteinskunde. IJ. Teil: Spezielle Gesteinskunde mit 
besonderer Beriicksichtigung der geologischen Verhaltnisse. By E. 
WEINSCHENK. Freiburg i. Br., Herder, 1907. 362 pp., with 186 
figs., and 6 plates. Pr. M. p. 60; geb. M. Io, 30. 

Neue Beitrage zur Kenntnis der Bergschlige. By A. RzEHAK. Zeit. f. 
prakt. Geol. Sept., 1907. Pp. 285-293, with figs. 75-77. 

Annual Report of the Minister of Mines of British Columbia for the 
year 1906. British Columbia Dept. of Mines, Victoria, B. C. 276 pp. 








SCIENTIFIC NOTES.AND NEWS' 


THE WISCONSIN GEOLOGICAL AND NATURAL History Sur- 

* VEY, with an appropriation of $20,000 for expenditures during 
the fiscal year, has been engaged partly in areal geology and in 
road construction. Dr. Samuel Weidman and Mr. E. D. Hall, 
of the Department of Areal Geology, have extended their survey 
of the northwestern counties of the state, and Dr. Weidman’s 
report on the north central area, including about 7,200 square 
miles, has been issued in a volume of some 700 pages. A party 
of geologists and topographers under the immediate charge of 
Mr. Edward Steidtman has extended the survey of the lead and 
zinc region of southwestern Wisconsin, completing nearly a 
thousand square miles on a scale of four inches to the mile, with 
ten-foot contours. The structure of the Galena limestone, which 
forms the bottom of the zinc-bearing horizons, is being deter- 
mined by logs of drill-holes. Mr. W. O. Hotchkiss, the eco- 
nomic geologist of the Survey, is devoting much of his time to 

advising local authorities how to build roads. 

Proressor G. D. Harris, of Cornell University and. State 
Geologist of Louisiana, is making collections of recent and qua- 
ternary mollusca in northwestern Florida and in Mississippi, 
Louisiana and Texas. Later he will continue previous studies 
in the Louisiana and Texas oil fields. 

SEVERAL IMPORTANT CHANGES have been made in the faculty 
of the geological course in the Massachusetts Institute of Tech- 
nology; Professor Johnson has resigned to take up work at Har- 
vard, and Professor Daly has taken charge temporarily of the 
class in topographic geology. Professor Daly has also been 
lecturing on general geology. Economic geology, which has 

* Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 
or scientific studies undertaken by them, together with such other scientific 


and personal items as may come to their notice. 
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been formerly under Professor Crosby, is now given by Pro- 
fessor Kemp, of Columbia University, and Dr. Loughlin: Dr. 
Loughlin is giving the lectures to third-year men and Professor 
Kemp is taking charge of the advanced economic geology. Mr. 
C. H. Clapp, formerly assistant state geologist of North Dakota 
and instructor in mining geology in the University of North 
Dakota, is assistant in geology this year. 

Professor R. A. Daly, who has come to the institute this year 
to take charge of the research work in structural geology, is at 
present occupied in completing his previous work. For six 
years, from 1901-1906, he has done continuous field work for 
the Canadian International Boundary Commission. His work 
has consisted in making a geological survey of a strip of country 
nine to ten miles wide on each side of the international boundary, 
from the Gulf of Georgia on the Pacific coast to the Great Plains 
of Montana and Alberta. Much important representative mate- 
rial was collected and 12,000 photographs taken. It will take 
about eighteen months to write up the report, which will be pub- 
lished in one or two volumes accompanied by atlas sheets. Pro- 
fessor Daly was accompanied by Dr. J. M. Macoun, a prominent 
naturalist, who will prepare a report upon the botany and zoology 
of the region. 

A gift of money for the establishment of a seismograph at the 
Institute has been received from the Caroline A. R. Whitney 
estate, and plans are under way for securing the instrument from 
Germany, and its installation in a suitable locality in Boston. 
This gift and the liberal support which was given the Technology 
Expedition to the Aleutian Islands marks the establishment at 
the Institute of research work in physical geology. 

The Technology Expedition to Alaska under the direction of 
Professor Jaggar was very successful and resulted in the collec- 
tion of many specimens of rocks and animals of the Aleutian 
Islands and some photographs of the region. An authoritative 
account of the expedition is being prepared by Professor Jaggar 
and will be published in the first part of January in The Tech- 
nology Revier'. 
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Professor George W. Edmond, who has been studying re- 
cently in the petrographical laboratories of the Institute, is now 
at the head of an expedition to Lower California and Mexico. 
He expects to work up his scientific results in the laboratories of 
the Institute and the geological records of the expedition will be 
returned to the geological department. Professor Edmond is 
accompanied by W. J. Forbes, of New York, and the travel is 
by pack train across the desert ranges between the Gulf of Cali- 
fornia and the Pacific. It is hoped that the geology will throw 
light upon the relation of the Sierra Nevada and Coast Ranges 
of California. 

AT THE RECENT MEETING of the American Association for the 
Advancement of Science at Chicago, Dr. H. F. Bain, the director 
of the State Geological Survey of Illinois, made the statement, 
which will be surprising to most of our readers, that Illinois 
ranks at least third and possibly second in production of oil 
among the states of the union. It happens, however, that for 
some months it has been the leading eastern producer and has in 
fact yielded more oil than Pennsylvania, Ohio and Indiana to- 
gether. It is surpassed by the mid-continental field, including 
Kansas and Oklahoma, for which separate statistics are not kept, 
and by California. 

Production began in Illinois in June, 1905, with 5,489 barrels. 
The total for that year amounted to 4,397,050 barrels, and for 
the year just closing will run somewhat over 24,000,000 barrels, 
possibly as much as 25,000,000. In 1906, according to the U. S. 
Geological Survey, the leading oil states had the following 
productions : 


GOMIOFSIA 5 0521 Seep eEORLERA as seam coca ys 33,008,508 bbls. 
Gilatonia anid Kansas Foo. cs ces ees ooo 21,718,648 bbls. 
ROD oat ioe ctosine HSN SEL Soaioe eae cae em 14,787,763 bbls. 
BIDE 22d os kes ie oa ete eS Te 8 Sie st wale 12,567,897 bbls. 
PRON GAPRUND  (a.< 5 vsinkk Sea eek ois Pause oa eas 10,256,893 bbls. 
WYSE WARING: ols wee eee rae ra biee es oh ee oes 10,120,935 bbls. 
LOMIMIGNR | oul. oaths ba eee eh ekicd oes ves Cows 9,077,528 bbls. 
Eels Ctl: Panne ily iOS AWB, On a sire i Rane re Sears 7,673,477 bbls. 


While there have been some changes, there have been no re- 
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markable increases elsewhere except in the Oklahoma-Kansas 
field, so that with its 24,000,000 barrels production, Illinois is 
certain to rank among the leading states this year. Incidentally 
it may be remarked that Illinois alone now produces more oil 
than any country in the world except the United States as a 
whole and Russia. 

The petroleum fields of Illinois occur in Clark, Cumberland, 
Crawford and Lawrence counties. At present there is a nearly 
continuous string of producing wells, more than 9,000 in num- 
ber, from Westfield in Clark County nearly to St. Francisville 
on the Wabash River. Only a small portion of the field is com- 
pletely drilled and further increases may be confidently predicted 
in 1908. 

The oil occurs at a number of different horizons, ranging in 
depth from 300 to 1,600 feet. There are a number of distinct 
pools, those to the north being found at shallowest depth and 
highest stratigraphically. In age the various oil sands range 
from Upper Coal Measures down to the Chester rocks. The 
individual pools are somewhat irregular, but despite this fact 
only 14 per cent. of the holes so far drilled, including wildcat 
holes elsewhere in the state, have proven failures. Some gas 
occurs in connection with the oil, but as yet no such amounts of 
gas have been found as in Indiana and Oklahoma. Recently 
some of the deeper wells have tapped gas supplies which may 
prove sufficiently long lived to be of large importance. 

In the main the oil is of good grade and easily refined. A 
small pool near Duncanville, from which twenty-five wells pro- 
duce 200 barrels per day, yields a low grade fuel oil. The aver- 
age production throughout the field is from twenty-five to thirty 
barrels, though many wells run much higher at first, there being 
a number which have yielded 1,000 barrels or more. So far 
results show that the wells stand up under pumping as well as do 
similar wells in Indiana or elsewhere. Accordingly early ex- 
haustion of the field is not to be anticipated. 

Wildcatting has been going on at a number of other points 
in the state and some encouragement has been met, especially in 
Randolph and Macoupin counties. It seems not unlikely that as 
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experienced drillers prospect other parts of the state, especially 
in the southern portion, additional oil fields will be found. 

A PETITION for a geological survey of the Breckenridge dis- 
trict in Colorado has been signed by the most prominent mining 
men of the state and has been endorsed by the Colorado Senators 
and Congressmen. Work will probably be begun during the 
coming summer. 

ProFeEssor J. C. BRANNER, of Leland Stanford Jr. University, 
is absent on leave and is at present in Brazil engaged in profes- 
sional work. 

THE RECENT CONSOLIDATION of the Bausch and Lomb Optical 
Company, of Rochester, N. Y., and the Carl Zeiss Optical Works, 
of Jena, is a matter of more than passing interest to the users of 
optical goods all over the world. It is the intention of the united 
companies ultimately to manufacture in the United States all the 
famous products of the Zeiss works. American workers par- 
ticularly are to be congratulated upon now being able to obtain 
the best results of the Zeiss experience from a factory on this 
side of the Atlantic. 

A DEMAND on the part of the Government and the people at 
large for information concerning the coal lands of the Western 
states required the United States Geological Survey to devote 
a considerable part of its appropriation to an investigation of 
nearly 15,000 square miles of supposed coal fields during the past 
field season. The work is in charge of M. R. Campbell and was 
carried on mostly in Montana, Wyoming, Colorado, New Mex- 
ico and Utah. C. A. Fisher had supervision of five parties in 
Montana and northern Wyoming. Some of the fields examined 
by the various parties are described in the following paragraphs: 

1. The Lewistown coal field in central Montana was examined 
by a field party in charge of W. R. Calvert, assisted by Eugene 
Stebinger. In all about 1,500 square miles were studied and 
mapped. The coal of the Lewistown field is of Kootenai age 
and lies in five basins of varying extent. The Sage Creek basin 
is represented by one mine near Utica, where the coal is of poor 
quality and barely workable thickness. Two mines near the 
head of Buffalo Creek supply local demand from a small basin. 
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A third area of workable coal beds several square miles in extent 
lies southeast of Moore. A fourth small basin near the head of 
Warm Spring Creek is developed by one mine, which supplies 
the gold mining town of Kendall. The largest basin, and one 
which future development may make quite productive, lies just 
east of Lewistown and is known locally as the McDonald Creek 
basin. Considerable prospecting has been done in this locality 
and the mines supply Lewistown as well as all coal used by the 
Montana Railroad. The coal is sub-bituminous, a fair steam 
producer, and occurs at the same horizon throughout the 
field. Settlement in the Lewistown coal field has been rapid in 
the past few years, and with the exhaustion of timber in the 
mountains there must be an increase in the demand for coal. 

2. Two parties under the direction of Lester H. Woolsey and 
Ralph W. Stone mapped a continuous belt of country extending 
from the Bull Mountains in Montana along the south side of the 
Musselshell River to the head of the south fork and thence down 
to the west side of the Crazy Mountains to Clydepark, about 
twenty miles north of Livingston. The two parties began work 
at Shawmut, one going east and the other west. Topographic 
and geologic maps were made and the country was examined for 
workable coal beds. Mr. Woolsey found and mapped a consid- 
erable amount of bituminous coal in the Bull Mountains, but the 
result of Mr. Stone’s work was to disprove the existence of work- 
able coals through a considerable area where they have been re- 
ported to occur. One result of the summer’s work of these two 
parties will be detailed topographic maps of an area of 2,000 
square miles in extent and the classification of the same as agri- 
cultural, grazing, or coal lands. 

E.G. WooprurFr, assisted by J. E.Carman and E. L. De Golyer, 
mapped and classified the coal land of the west side of the Big- 
horn Basin, Bighorn Co., Wyoming, and the Red Lodge coal 
field, Carbon Co., Montana. -The party surveyed 1,309 square 
miles in Wyoming and 170 square miles in Montana. The area 
in Wyoming contains 25,140 acres of coal, and in Montana 
11,300 acres. The coal is sub-bituminous and the beds generally 
are less than five feet thick. In the Grass Creek valley, south 











832 SCIENTIFIC NOTES AND NEWS 


of Meeteetse, Wyo., a coal bed thirty-two feet thick was located. 
The Red Lodge, Mont., field contains seven workable beds. The 
coals occur in Cretaceous and Tertiary sediments. Extensive 
commercial mining is carried on at Gebo, Wyo., and at Bear 
Creek and Red Lodge, Mont., besides which local mining fur- 
nishes fuel for many farming areas throughout the district. 

3. Mr. Chester W. Washburne, assisted by Max A. Pishel, E. 
F. Schramm, and H. P. Little, mapped an area of about 1,700 
square miles along the east edge of the Big Horn Basin. Special 
attention was given to the coal and natural gas. The workable 
coal was found to underlie 50,662 acres. The location of a num- 
ber of possible gas fields was determined, and will be published as 
a guide to prospectors. The oil wells and artesian wells were 
examined with reference to future possibilities. Study was 
made of theoretical problems bearing on the stratigraphy and 
structure of the region. Several unconformities were found and 
a special study was made of the faults. Mr. Schramm worked 
with a separate party during the summer, his results being in- 
corporated later with those of the main party. 

4. E. W. Shaw, assisted by C. T. Lupton, spent the past season 
in an investigation of the Casper-Douglas coal field in eastern 
central Wyoming. The area lies on the Great Plains close to 
the mountains, and comprises about 1,600 square miles. The 
coal is of Cretaceous age, but the beds are thin and the quality 
is not high grade. The field has been thoroughly prospected by 
ranchers, who take small quantities at irregular intervals, and 
there are two mines in the area. The best coal in the field is 
being shipped from Glenrock. A large part of the area is cov- 
ered with sand dunes and mountain wash, so that exposures of 
bed rock are not abundant and only a small portion of the field 
can be classified as coal land. 

E. Ecciteston Situ had charge of a party which made a 
topographic and geologic map of a coal field lying between Raw- 
lins and Tipton, Wyoming, and north of the Union Pacific Rail- 
road. Low-grade bituminous coal, ranging in age from Mesa- 
verde to Fort Union, underlies 1,700 square miles of this region. 
The’ beds range up to sixteen feet thick and several small mines 
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have been opened. The construction of railroads across this 
field, the surveys for which have been made already, will increase 
the output of the field considerably. 

5. Hoyt S. Gale, assisted by J. A. Davis and C. W. Stoops, 

made topographic and geologic maps of 1,600 square miles in 
northwestern Colorado, northeastern Utah and a small area in 
Wyoming during the past field season. This is a coritinuation 
of his work of former years and extended westward through the 
White River country into Utah. One result of the work was a 
considerable extension of the area of workable coal beds as 
mapped by the Hayden survey. It was found that a group of 
several beds of coal from six to ten feet thick extends south from 
White River nearly to the head of Douglass Creek. The coals 
in this field, which is wholly undeveloped, are bituminous, prob- 
ably non-coking, and are burned extensively along the outcrops. 
Considerable prospecting will be necessary to determine the thick- 
ness of the beds under cover and the depth to which combustion 
has progressed from the surface. The nearest point on the Uin- 
tah Railroad is Dragon, Utah. 
6. Carl D. Smith examined and mapped lignite fields south 
and east of Miles City, Montana, and near Medora, North Dakota. 
The beds are numerous and many are of workable thickness, but 
lignite will not stand long shipment and therefore these fields at 
present are only of local importance. With the advent of gas- 
producer engines, in which lignite is a most efficient fuel, it is 
possible that there will in the future be a considerable demand 
for lignite and mining on a large scale may be undertaken along 
the Yellowstone River and close to the railroad. An unfortu- 
nate feature of the lignite fields is that the beds are variable in 
extent and thickness. Mr. Smith worked in co-operation with 
A. G. Leonard, state geologist of North Dakota, during part of 
the season. An act of the North Dakota Legislature which 
requires state institutions to use North Dakota coal keeps some 
of the mines in the state in active operation. 

7. The Southern Utah coal field, which lies between Cedar 
City and Kanab, was investigated by a party under the direction 
of G. B. Richardson during the past season. This field was 
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mentioned by Hayden in the Fortieth Parallel Reports, but be- 
cause of its location in a region somewhat difficult of access, it 
has been prospected but little. It is nowhere nearer than thirty- 
five miles to a railroad. Mr. Richardson finds that the field con- 
tains three kinds of coal, cannel, sub-bituminous, and semi- 
anthracite, in quantities sufficient to place it among the reserves 
for future supply of fuel for that part of the country. The 
anthracitization is due to igneous intrusion. The proximity to 
a large field of iron ore may lead to the early development of 
this coal field. With the assistance of L. J. Pepperberg, a topo- 
graphic and geologic map of 1,000 square miles was completed 
and a geologic section 7,000 feet thick was measured from the 
Carboniferous to the Eocene. 

Later in the season Mr. Richardson completed the geologic 
study of the Van Horn quadrangle, in Texas. The principal 
interest in this quadrangle is the Paleozoic stratigraphy, for the 
old Hazel silver mine has been abandoned, and as yet prospect- 
ing has discovered no other valuable mineral deposits. 

8. James H. Gardner, assisted by A. L. Beelky and W. J. Reed, 
conducted a resurvey around the eastern margin of the Durango- 
Gallup coal field between Durango, Colo., and Monero, N. Mex., 
on the north, and Gallup and San Mateo, N. Mex., on the south. 
In these areas over 1,000 square miles of Cretaceous coal lands 
were classified. 

During a portion of the season the party was engaged in work- 
ing out the relations of the Upper Cretaceous and Tertiary in 
the southeastern part of the field. Extensive vertebrate collec- 
tions were made representing horizons in the Puerco, Wasatch 
and Laramie; two prominent unconformities were discovered, 
one between the Puerco and underlying Laramie, the other be- 
tween the Puerco and superadjacent Wasatch. A detailed topo- 
graphic may is in preparation on which the overlapping uncon- 
formable beds may be plainly shown. Interest is attached to 
these results since it is from this vicinity that the collections of 
Cope and Wortman were obtained. Little has been known pre- 
viously of the geographic boundary lines and stratigraphic rela- 
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tionships of the Puerco, Wasatch and Laramie in this part of the 
San Juan Basin. 

Durango, Monero, and Gallup are coal-producing centers, the 
output going largely to the D. & R. G. R. R., the Santa Fe R. R., 
and to smelters of metallic ores in Colorado and Arizona. 

9. Geologic and topographic mapping of the coal area be- 
tween Rawlins, Wamsutter and Baggs, in the center of southern 
Wyoming, was carried on by Max W. Ball, assisted by B. L. 
Johnson, the work being essentially a southwestward continua- 
tion of that of A. C. Veatch in the summer of 1906. The area, 
some I,400 square miles in extent, is limited on the north by the 
Union Pacific Railroad, and on the south by the Colorado line. 
No development has been done, except small openings to sup- 
ply the needs of the very few ranches within the area. The prac- 
tical certainty of a branch of the Union Pacific traversing the 
area from north to south, and the nearness of the coals to the 
Encampment copper-mining region, should make the field an im- 
portant one in the course of a few years. The coals are bitu- 
minous and sub-bituminous, and range in age from Mesaverde 
to Fort Union. 

THE MARYLAND GEOLOGICAL SURVEY has been engaged dur- 
ing the past season in a study of the limestones of the state to 
determine their value for the manufacture of Portland cement. 
Two chemists were engaged in making the necessary analyses of 
the materials collected for the purpose. A preliminary report 
will be issued in the spring of 1908. 

A large map of the State of Maryland, on the scale of 1: 187,- 
500, or three miles to one inch, has just been issued by the State 
Geological Survey. The map is 84 by 48 inches and is brought 
out in three sheets. It is accompanied by a gazeteer containing 
over 2,500 names of cities, towns, and villages. The map 
shows the leading roads and streams of the state. 

Mr. J. E. Spurr has made a renewed arrangement as con- 
sulting geologist and engineer for the Guggenheim interests. 
On account of the advanced degree of progress which has been 
reached in the geological surveys and examinations of the Gug- 
genheim properties, he will in the future be able to devote some 
time to other work. 
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Beziehungen zwischen Erzgangen 
und Pegmatiten (Beck), review of, 


7. 

Big Belt ae copper ores in, 574; 
gold in, 573 

Big Bend of Missouri River, Laramie 
section at, 558 

Big Blackfoot River, copper deposits 
on, 574 

Biotite, 5, 113, 114, 455 

Bischof, G., on loss in change of 
vegetable matter to peat and coal, 
30, 40; on silver chloride, 775 

Bismuth, in volcanic emanations, 8_ 

Bismuthinite, 683 

Bitumen at Joplin, origin of. 523 


Bituminous coal, composition of, 
240; distinction from lignite of, 


233; moisture in, 49 


Bituminous shale, as source of gas 
and oil, 138 

Blake, W. P., on caliche, 777 

or aeae W. S., paper by, review of, 


2 
Blatt, as term in geologic structure, 


cQre 


597 
Blouts, as name for quartz masses, 


200. 

Blue ground, diamond-bearing, 276, 
27 

Bog ores, accumulation of, 665 

Bogs, peat, gases given off from, 39 

Boileau, J. W., paper by, review of, 
814 

Bonne Terre limestone, genesis of 
ores in, 432 

Bonney, T. G., on origin of dia- 
monds, 282 

Boone formation, 519; bitumen in, 
ee ; 

Boric acid, in volcanic emanations, 
265 

Bornite, 111, 112 

Boron, in hot vein solutions, 116 

Boulder County, Colo., gold and 
tungsten deposits of (Lindgren), 


453 
ee County, pegmatite dikes in, 


II 

Boulder County mine, 456 

Boussingault, on saline waters, 776 

Brauns, R., on cerargyrite, 775 

Breccia, at Joplin, origin of, 427; 
diamond-bearing, 279 

Brecciation, in Joplin district, 521 

Broken Hill, saddle reefs of, 441 

Brun, on gases in lavas, 270; on mag- 
matic emanations, 272 

Biicking, H., on turquoise, 482 

Buckley, E. R., discussion by, 311, 
427; reviews by, 518, 617 

Buckley and Buehler, on Granby area, 
187, 189 

Burro Mts., New Mex., turquoise in 
(Zalinski), 464 

Butte, groundwater and enrichment 
at, 2 


Caesium, in volcanic emanations, 265 

Calcite, 13, 256-257, 671 

Calcium, removal Res Goldfield 
rocks ‘of, 682, 687; in mine waters, 


583 

Calcium sulfate, in volcanic emana- 
tions, 265 

Caliche, 777 

California Earthquake Committee, on 
faulting, 60 

Calorimeter, description of, 2 





Calorimetric values, of coals and 
peat, 28 

Cambro-Ordovician, iron ores in, 155 

Camp mine, Salisbury iron district, 


167 

Campbell, M. R., The value of coal- 
mine sampling, 48; Recent im- 
provements in the utilization of 
coal, 285; on calorimetric values of 
coals, 28; on classification of coals, 


233 

Campbell and Knight, On the micro- 
structure of nickeliferous pyrrho- 
tite, 350. 

Cannel coal, 235-236, 239, 240 

Carbon, in coals, 237, 239; in volcanic 
flames, 260 

Carbon dioxide, in contact meta- 
morphism, 12; from peat bogs, 39; 
in ore- -depositing solutions, 687; 
in pegmatite, 267; in volcanic 
emanations, 260, 264, 687 

Carbon. monoxide, in volcanic emana- 
tions, 264 

Carbonaceous matter and coal deposi- 
tion, 45, 564 

Carboniferous, in New Mex., 466 

Caribou mine, Colo., 457 

Carlton slates, 151 

Carlsbad (see Karlsbad) 

Carson City, faulting near, 303 

Cassiterite, III, I41 

Cassiterite veins, 112 

Catlett, C., discussion by, 796 

Cavities, at great depth, 107 

Celestite, 120 

Cement, for Panama Canal, 655 

Cement rock, of North Dakota, 555 

Central City, Colo., veins of, 456 

Cerargyrite, 774 

Cerargyritic ores: their genesis and 
geology (Keyes), 77. 

Chagres River, Pleistocene valley of, 


647 

Chalcedony, 459-460 

Chalcocite, 21, 23, 201, 245, 252-253, 
a 

Chalcopyrite, 13, 23, 245, 350-365, 
398-400, 411-414, 684 

Chalk Mtn., Colo., minerals of, 267 

Challenger Bank, dredgings from, 3090 

Chamberlin, R., gas analysis by, 138 

Chamberlin, T. C., discussion by, 
585, 704; on precipitation of ores, 
136; on glacial motion, 711 

Chamberlain and Salisbury, on fault- 
ing, 586, 507, 508, 600; on coastal 
terranes, 718; on heat of earth, 
704; on shear, 714; on volcanism, 
700. 
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Chatfield mine, Salisbury iron dis- 
trict, 164 

Cheever mine, Salisbury district, 162 

Chemical abstracts of Am. Chem. 
Soc., use of, 748 

Chemical analyses—cement materials, 
656; clays, 562; copper ore, 400; 
dacite, 680; limestones, 6, 9; 
gabbro, 391; garnets, 7; gas, 30, 
138, 269; halloysite, 486; iron ores, 
170; mine waters, 584; peat, 38; 
pyrite, 292; tungsten concentrates, 
463; turquoise, 483; solution from 
oxidizing pyrite, 292; volcanic 
emanations, 262, 

a work in economic geology, 


Chitnney Rock, N. J., copper deposits 
at, 249 

Chimneys, of ore (see Pipes). 

Chloride solutions, precipitation of 
copper from (Fernekes), 580 

Chlorides, in volcanic emanations, 
265; in groundwater, 759 

Chlorine, from remelting lava, 270; 
in volcanic flames, 260 

Chlorite, 115 

Chloropal, 120 

Chrysocolla, 13, 246, 475 

Cincinnati anticline, gap in coal fields 
over, 659 

Cinnabar, 114, 120, 749 

Cinnabar deposits, dhatlow depth of, 


119 

Circulation, of underground water, 2, 
722 

Clapp, C. H., The clays of North 
are, 5513 bibliography by, 725, 
I 


Clapp, F. G., review by, 82 
Clarke and Diller, on turquoise, 479, 


482 

Classification, of coals, 233; of faults, 
58, 205, 433, 506, 585; of magmatic 
emanations, 258; of ore deposits, 
110, 608, 750 

Clays, their occurrence, properties 
my uses (Ries), reviews of, 513, 


Sloss of North Dakota (Clapp), 551 

Clays and lignites, relation of, 559 

Clear Creek County, Colo., gold belt 
of, 456 

Cleavage, relation to bedding of, 


147 

Clifton district, Arizona, 6, 116 

Cloquet slates, 151 

Coal, Maximum rate of deposition of 
(Ashley), 34; Recent improve- 
ments in the utilization of (Camp- 
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bell), 285, 511; Weathering of 
(Parr and Hamilton), 693; carbon 
in, 237; origin of, 564, 665; Pitts- 
burg, 45; Sharon, 661; tests of, 
286; thickness of Appalachian, 34; 
vertical shrinkage of, 42 

Coals, The composition of (Grout), 
225; Laramie and Tertiary, 564 

Coals, bituminous, calorimetric values 
of, 28; classification of, 233; com- 
position of, 227; from Graham 
Island, B. C., ‘316; from New 
Mexico, 237, fuel value of, 232; 
moisture in, 49; sulfur in, 52; un- 
der steam boilers and in  pro- 
ducers, 288. (See also Anthra- 
cite. ) 

Coal iat Redrock, Iowa, section 


fe) 
Coal fields, Fel Gre ga and eastern 
interior (Ashley), 659 

Coal fields of southwestern Pennsyl- 
vania (Boileau), review of, 814 

Coal measures, in Joplin region, I91; 
of North Dakota, 557; post-Potts- 
ville, 662 

Coal-mine sampling, The value of 
(Campbell), 48 

Coal seams, variations in thickness 


of, 44 : 
Coal tests, at St. Louis, results of, 


234. 
Cobalt, in volcanic emanations, 265 
Cobalt ores, 194 

Coking tests, of peat, 209 

Coleman, A. P., on nickel ores, 750, 


761 

Collen, M., Copper deposits in the 
Belt formation of Montana, 572 

Collier and Hayes, on classification 
of coals, 233 

Collins, E. A., on kaolin, 685 

Composition of coals (Grout), 225 

Compression, relation to faulting of, 
61, 185 

Compression and tension, in earth’s 
shell, relation of, 714; faulting 
produced by, 207 

Compression faults, 804 

Comstock lode, faulting on, 300 

Concentration of gold in the Klon- 
dike (Tyrrell), 343 

Concentration, natural, of iron oresy 
149, 180; of lead and zinc ores, 
186; of sedigenetic ores, 142 

Concentric structure, in Goldfield 
ores, 683 

Cone mine, Salisbury iron district, 

167 


Conglomerate, pre-Cambrian  gold- 
bearing, 573 

Connecticut, analyses of iron ores 
from, 170, 173 

Contact metamorphic deposits, ab- 
sence of sulfates from, 682; addi- 
tion of material in, 11; minerals 
of, 123; usual low-grade character 
of, 13; recent studies of, 754 

Contact metamorphism, addition of 
material in, I1; minerals of, 4; 
dev clopment of porosity in, 10; in 
Elkhorn district, 10; in Ely ‘district, 
197; in limestone, 9, II; in non- 
calcareous rocks, 12; investiga- 
tions in, 4; ore deposits due to, 112 

Contacts of intrusive rocks and lime- 
stones, Ore deposits at (Kemp), 1 

Continental borders, as regions of 
stress, 717; arcuate form of, 720 

Continental creep and faulting, 709 

— mine, Salisbury iron district, 
104 

Copper, in contact zones in lime- 
stone, 4, II; in pyroxene, 245; in 
rocks of New Jersey, 245; in vol- 
canic emanations, 260, 265; in 
sedimentary rocks, 751 

Copper, from chloride solutions 
(Fernekes), 580 

Copper, from hornblendite magma, 
415; from intrusive rocks, 574; 
from Rio Tinto ores, extraction of, 
204; precipitation by minerals of, 
582 

Copper, native, in New Jersey, 245, 
250; in shale, 249; formation of, 


252 
Copper and lead, absence from cer- 
tain deep-sea deposits of, 300 
Copper-bearing, minerals in New 
Jersey, 245; fissures in turquois 
deposits, 477; solutions and tur- 

quoise, 489 

Copper Cliff mine, ore from, 355 

Copper deposits of the New Jersey 
Triassic (Lewis), 242 

Copper deposits in the Belt-forma- 
tion in Montana (Collen), 572 

Copper deposits, of Copperopolis, 
38 of Robinson mining district 
(Lawson), review of, 195; near in- 
trusive trap, 246 

Copper mines of the world (Weed), 
review of, 

Copper ore, chemical analysis of, 
400; genesis of, 202, 414, 811; rela- 
tion to intrusions of, 574 

Copperopolis, Calif., Ore deposits of 

(Reid), 380 
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Copper phosphate, in turquoise, 484 

Correlation, of Animikie quartites in 
Minn., 567; of Appalachian and 
interior coals, 659; of sediments of 
Cuyuna range, 149 

Cotunnite, 265 

Covellite, 21, 23 

Crawford coal mine, Ind., 42 

Creep-faulting and ore deposition, 
722 

Creighton mine, Sudbury, ore from, 
353 

Cretaceous, in New Mex., 467 

Crosby, W. O., on force of crystal- 
lization, 107; on contact deposits, 


13 

Cross, W., on alunite, 667; on min- 
erals in rhyolite, 267 

Cross, W., et al., on classification of 
rocks, 676 

Crystallization, in opening of fissures, 

Culebra Cut, geology of, 643 

Culebra beds, 

Cullinan diamond, 280 

Cupric salts, action upon pyrite and 
marcasite of, 14, 21 

Cuprite, 13 

Cushing, H. P., discussion by, 33: 
on Adirondack geology, 766, 7 

Cuyuna iron range (W tchell). Tati 

Cuyuna iron range, Geology of 
(Leith), 145 

Cycles, of erosion, 641 


Dacite, at Goldfield, alteration of, 

Dacite magma, water in, 689 

Dahlbohm, T., on magnetic prospect- 
ing, 367 

Dall” We. srr determination of fossils 
by, 166, 640 : 

Dalmer, K., on magmatic theory, 
758, 762 

Dam ‘Lake, Minn., quartzite at, 566 

Dana, J. D., on genesis of iron ores, 
178 

Darton, N. H., on diabase of New 
Jersey, 248 

Datolite, 583 , a eat: 

Davis mine, Salisbury iron district, 


158 

Dawson, G. M., on Queen Charlotte 
Islands, 315 

Deadwood, S. D., faulting near, 60 

Deep-sea deposits, absence of lead 
and copper from, 309 

Deformation of earth’s shell and 
faulting, 705 

Delkeskamp, K., on mineral springs, 
749, 761 


De Kalb, C., on apex law, 73 

De Luca, on volcanic gases, 803 

Denudation (see Erosion) 

Deposition, of bog ores, 665; of 
clays, 564; of coals, 34, 564, 662; 
of ores, I, 105, 128, 176, 255, 414, 
427,. 462, 574; 685, 722; of tur- 
quoise, 487 

Deposition of coal, The maximum 
rate of (Ashley), 34 

Deposits of Boulder County, Colo., 
Gold and tungsten (Lindgren), 


453 

Depth, cavities at great, 107; min- 
erals characteristic of zones of, 
108; of shell affected by faulting, 
506; ore deposits at various, 105; 
relations of ore deposition to, 105, 
415, 460, 462, 

Deuterogenetic ore deposits, 607 

Development, of topography of 
Panama Canal zone, 641 (see also 
Genesis and Origin) 

Deville, Sainte-Claire, on volcanic 
gases, 687, 778 

Diabase, in pre-Cambrian of Mon- 
tana, 572; in New Jersey, 258 

Diagrams, showing classification of 
coals, 238; showing composition of 
coal, 226; illustrating weathering 
of coal, 604-702 ; illustrating fault- 
ing, 300, 302, 434, 508-510, 570, 
503-505; illustrating use of dial 
compass, 371-377; showing rela- 
tion of fissures in turquoise de- 
posit, 477 

Dial compass, 368 

Diamond, 280 

Diamond mine, Transvaal, The Pre- 
mier (Penrose), 275 

Diamond deposits, form and genesis 
of, 275, 281 

Diaspore, 673 

Diastrophism and normal faulting, 


707 

Dickinson, N. Dak., clays near, 560 

Dickson, C. W., on nickel ores, 351, 
355, 357, 363 

Differentiation faults, 805 

Differentiation of magmas, 782 

Dikes, in Boulder County, Colo., 455; 
in Burro Mtns., 472; in Panama 
Canal zone, 640; in pre-Cambrian 
of Mont., 572; in Virginia rutile 
area, 500; faulting by intrusion of, 
60 


Diopside, 5 
Displacement, in faulting, 58, 507, 
508, 510 
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Discussion— 
Absence of lead and copper from 
certain deep-sea deposits 
(Nichols), 309° 


Association of alunite with gold 


at Goldfield, Nev. (Lincoln), 
Sor 
Do the geological relations of 
ore deposits justify the reten- 
tion of the law of the apex? 
(Shamel), 62 
Genesis of the lead and zinc 
ores of the Mississippi Valley 
(Buckley), 427 
Geology of the Granby area 
(Buckley), 311 
How should faults be named 
and classified (Jaggar), 58; 
(Spurr), 182, 601; (Fairchild), 
184; (Willis), 295; (Reid), 
208 ; (Cushing), 433; (Tol- 
an), 506; (Evans), 803 
The ye problem (Chamberlin), 
585, 704 ae 
Occurrence of rutile in Va. 
(Catlett), 796 
Ore deposits of Copperopolis, 
Cal. (Turner), 797 
Oxidation of pyrite (Read), 505; 
(Winchell), 799 
Recent improvements in the util- 
ization of coal (Bement), 511 
Training + pene geologists 
(Reid), 4 
What shad appear in the re- 
port of a state geologist 
(Perisho), 435 
Dolomite, 135; at Joplin, 190; lead 
and zinc in, 135; origin of, 190 
Drop, in faulting, 185 
Dumble, E. T., on lignites, 231; on 
classification of coals, 233 
Dunn, on force of crystallization, 107 
Durdenite, 684 
ge of arid regions, salinity of, 
77 


Earthquakes, along continental bord- 
ers, 719; in Panama region, 652 
Eckel, E. C., on iron ores, 179 
Eclogite, diamond- bearing, 282 
Economic geology, Recent literature 
On, 92, 205, 320, 530, 625, 725 
Economic geology, teaching of, 418 
Editorial, 518 
Efficiency of coals, 288 
Eisenlagerstatten bei Kiruna (Stutz- 
er), review of, 88 
Eisenlagerstatten Gellivare in Nord- 
schweden (Stutzer), review of, 90 


Eldora, Colo., rocks and mines near, 


455 
Elevation, antecedent to faulting, 707; 
in Pottsville time, 662 
Elkhorn district, Mont., 10 
Ells, R. W., report by, review of, 315 
Ely mining district, Nev., 


Emanations, magmatic i ‘ 


ad 
25 

Emmons, S. F., on kaolin, 690; on 
theories of ore deposition, 744, 761 

Emmonsite, 684 

Enargite, 2 

Enrichment, sulfide, at Butte, 2; at 
Goldfield, 688; at Joplin, 528; as- 
sumptions in theory of, 290; in con- 
tact zones, 13; of copper ores, 201; 
minerals formed during, 124, 758 

Enterprise mine, Boulder County, 
Colo., 457 

Eocene, in Panama Canal zone, 640 

Epeirogenic movements, in Central 
America, 641 

Epidote, 5, 112, 390, 400 

Epigenetic deposits, classification of, 

; genesis of, 609; accessions to, 

751; recent work on, 753 

Eporeodon major, 553, 563 

Erosion, in Klondike, 348; in Panama 
Canal zone, 641 

Erteli mine, Norway, ore from, 361 

Erythrosiderite, 265 

Erzlagerstatten (Stelzner-Bergeat), 
review of, 

Ethane in volcanic emanations, 264 

Evans, J. W., discussion by, 803 

Experiments on the action of various 
solutions on pyrite and marcasite 
(Stokes), 14 

Extension of earth’s shell and fault- 
ing, 500 

Extralateral rights, 65 


Fahlbands, 127 

Fairchild, ‘discussion by, 184 

Famatinite, 683 

Faulting in Alaska (Martin), 576 

Faulting, in Black Hills, 60; in Salis- 
bury district, 157, 180;-at Joplin, 
427, 521; at Copperopolis, 305, 407; 
in New Jersey, 244; accessory, 590; 
causes of, 304, 507, 704; classifica- 


~ tion and nomenclature of, 58, 182, 


295, 433, 506, 585, 601, 803; defini- 
tion of, 587; depth affected by, 
596; a oa of, 502; horizontal, 
60, 578, 715; igneous lift, 60; in- 
fluence of earlier structures upon, 
591; pivotal, 60, 300; primary and 
secondary, 588, relation of compres- 
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sion and extension to, 297, 704, 
722; superelevation and, 205 

Faults, assumptions regarding, 299; 
orders of magnitude of, 61; rela- 
tion of normal and reversed, 61, 
301, 704, transcurrent, 591 

Fault-breccia, illustration of, 169 

Fernekes, G., Precipitation of copper 
from chloride solutions by means 
of ferrous chloride, 580; cited, 762 

Ferric chloride, in volcanic emana- 
tions, 10, 265 

Ferric sulfide, in pyrite and mar- 
casite, 19 

Ferrous carbonate, oxidation of, 180 

Ferrous chloride, Precipitation of 
copper by (Fernekes), 580 

Ferrous sulfate, as solvent for chal- 
cocite, 201 

Finch, J. W., on ore deposition, 3 

First. Mtn., New Jersey, copper ores 
near, 250 

Fissures, copper- and turquoise-bear- 
ing, 477; in Azure mine, view of, 
469; copper-bearing, in pre-Cam- 
brian of Montana, 575; at Gold- 
field, 686; opened by pressure of 
solutions, 107; origin bs 722 

Fixed carbon, in coal, 

Flaad mine, Norway, ore Tem, 361 

Flathead quartzite, 573 

Flemington, N. J., faults and copper 
ore near, 244, 248 ; 

Flow, deep-seated, as cause of fault- 
ing, 305, 716 

a III, 112, 114, 461, 488, 490, 


Folding and thrust faulting, 597 

Foliation in schists, origin of, 716 

Force of crystallization, 107 

Forces producing faulting, 305 

Fort Union beds, coal in, 553 

Fossils, Carboniferous, 466; Cretace- 
ous, 467; Pliocene, 166; pre-Cam- 
brian, 572; Sharon, 661; Oligocene, 
553,503 

Fox Hills sandstone, 552 

Frazer, on coals, 233 

Fuel, in Panama Canal zone, 658 

Fuel ratio of coals, 236 

Fuel value of coals, 232 

Fuel-testing plant of U. S. Geol. 
Survey, 48, 285 

Fukuchi, N., on contact deposits, 
754, 761 

Fumaroles, products of, 265 

Fusion of magmas, 785 


Gabbro, at Copperopolis, 301 
Gage, R. B., tests by, 2 


Galena, 13, 16, 22, 265 

Gannett Minatak, Paka: faulting 
at, 576 

Garnet 5-9, 12, 112, 114, 198, 279 

Garnet pipes in eruptive rock, 13 

Garnet zones, 13 (see also Contact 
metamorphism) 

Gas, as vein-forming agent, 1; from 
peat bogs, 39; from shale, 138; 
producer, 285 

Gases, in igneous rocks, 266; from 
volcanos, 261, 687 

Gas engine, 289 

Gash veins, 133 

Gatun lock and dam sites, 641, 645 

Gautier, A., on magmatic emanations, 
272 

Geijsbeek, S., review by, 603 

Geikie, A., on peat, 36; on chlor 
between. lavas, 778; on faults, 805 

Generations, successive, of turquoise, 


491 

Genesis, of clays, 564; of copper ores, 
252, 414, 574, 811; of diamond de- 
posits, 280; of epigenetic ore de- 
posits, 1, 609, 722, 759; of gold- 
quartz veins, 692; of iron ores, 
176, 568, 750, 751, 763, 771; of 
kaolinite, 689; of lead and zinc 
deposits, 140, 314, 427, 528, 563, 620; 
of pyrite, 682, 686; of nickel ores, 
351, 302, 363, 365; of rutile, 503; 
of tungsten veins, 462; of tur- 
quoise, 487; of pyritic deposits, 
752, 773; of cerargyritic ores, 774 
(see also Origin, Development) 

Geographic treatment of ore de- 
posits, 748 

Geologic map (see Map) 

Geological and economic work, Mag- 
netic observations in (Smyth), 367 

Geological plans of some Australian 
or gpe fields (Gregory), review 

439 

Geologist, reports of state, 435; 
training of economic, 418 

Geology, of Adirondacks, 764; of 
Boulder County, Colo., 454; of 
Burro Mtns., N. Mex., 466; of 
Copperopolis, Cal., 384; of Gold- 
field, Nev., 669; of Granby area, 
Mo., 311; of Marysville district, 
Mont., 611; of Montana, 572; ol 
N. Dakota, 551; of Panama, 640; 
of rutile deposits of Va., 495; 0 
Sierra Nevada, 384 

Geology of the Cuyuna Iron Range, 
Minn. (Leith), 145 

Gertrude mine, Sudbury, ore from, 
356 
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Gilpin County, Colo., gold belt of, 
6 

Gity, G. H., Fossils determined by, 
66 


ietetnne, N. Dak., clays near, 560 
Glauberite and glauber salt, in vol- 
canic emanations, 265 

ioe Ridge, N. J., copper deposits at, 


51 

fate, rutile-bearing, 495 

Gold, with garnet, 13; with alunite, 
667; in pre-Cambrian conglom- 
erate, 573; in pegmatitic veins, III; 
native, 684; in spring deposits, 749 

Gold in the Klondike, Concentration 
of (Tyrrell), 343 

Gold and tungsten deposits of 
Boulder County, Colo. (Lindgren), 


53 

Goll in the Goldfield district, Nev., 
The association of alunite with 
(Ransome), 667 

Gold ores, deposited by acid solu- 
tions, 691 

Gold-quartz veins, genesis of, 13, 692; 
at Copperopolis, 415; tungsten in, 
460 


Gold and silver, in apatite veins, 113; 
in cassiterite veins, 113; in contact- 
metamorphic deposits, 112 

Gold and silver veins, character of, 
113; of Boulder- County, Colo., 
456; pre-Cambrian, 113; sericitic 
and calcitic, 114, 682, 692 

Gossan, of tin deposit, 440 

Graham, Dr., on peat, 37 

Graham Island, coals of, 316 

Granby area, Mo., 311 

Grand Falls chert, 519 

Granitic magmas, ores from, 609 

Granodiorite, 392 

Grant, U. S., on the deposits of Wis., 
134 

Graulation under stress, shearing in 
zone of, 508 

Graphite, 770 

Graton, L. C., on veins, 107, 113 

Gravitation faults, definition of, 804 

Gravity, relation of faulting to, 185, 
306, 709 

Gravity, specific, in rock comparisons, 
679 

Greenawalt, W. E., on tungsten ores, 
462 

Greenstone, 568 - 

Gregory, J. W., paper by, review of, 
439; on Mt. Lyell, 753, 761 

Grenville series, 765 

Griffith, on coals, 233 


Griffiths, A. eA on quicksilver de- 
posits, 749, 7 

Griswald, W. me on coal seams, 44 

Groundwater, general discussion of, 
I; in Joplin region, 189; fluctua- 
tions of, 312; salinity of, 779; 
chlorides in, 759 

Grout, F. F., The composition of 
coals, 225; on reduction of sul- 
fates, 139 

Grubenmann, U., on metamorphic 
zones, I 

Gunther, C. G., on analyses of lime- 
stone, 6; on garnet pipes, 13 

Gypsum, 265, 554, 559, 685, 687 


Haanel, E., on magnetic prospecting, 
307 ; 
Halberstadt, coal atlas by, review of, 


Hall, C. W., on metamorphism, 150 

Halleck, on mining ordinances, 76 

Hallock, on nod of rock, 710 

Halloysite, 479 

jHamilton, N. Ds (with S. W. Parr) 
The weathering of coal, 693 

Harper, J. W., on apex law, 66 

Hatch and Corstorphine, on dia- 
monds, 282, 283; on S. African 
geology, 278 

Headden, W. P., on radium-bearing 
springs, 749, 761 

Heaves, in faulting, 507, 500 

Hebron, S. Dak., clays near, 560 

Helium, in volcanic emanations, 264 

Hematite, 14, 20, 21, 265 

Hieratite, 265 

Hill, R. T., on caliche, 777 

Hill and McAlister, on Cornwall 
veins, 753, 761 

Hillebrand, W. F., chemical tests by, 
671, 673 

(History, of copper mining in N. J., 
242; of iron mining in Salisbury 
district, 154; of turquoise mining 
in New Mex., 464 

Hobbs, W. H,, The iron ores of the 
Salisbury district of Conn., N. Y., 
and Mass., 153; on earthquakes, 
719 

Holmes, J. A., on coal, 28 

Hornblende, 111 

Hornblendite, 389, 414, 797 

Hornung, F., on ore deposition by 
chloride solutions, 760, 762 

Horsepen group, 661 

Hot springs, origin of, 3, 12; deposits 
by, 119, 600; need for study of, 
749 (see also Thermal springs) 

Hot waters, ore deposition by, 1109, 
689 
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How should faults be named and 
classified? 58, 182, 295, 433, 506, 
585, 601 


Howe, E., Isthmian geology and the 
Panama Canal, 639 

Hudson schist, iron ores in, 157 

Hgeney, A. H., bibliography by, 530, 


a E. B., on alunite, 667 
Humic acid, reduction of chalcocite 
by, 252 
Hydriodic 
tions, 265 
Hydrobromic acid, in volcanic emana- 
tions, 265 
Hydrocarbons, from remelted lavas, 

270; in volcanic flames, 260 
Hydrochloric acid, from remelted 

lava, 270; in deposition of copper 

ores, 583; in volcanic emanations, 


acid, in volcanic emana- 


264 

Hydrofluoric acid, 
tions, 265 

Hydrogen, “in coal, ‘ 
emanations, 260, 

Hydrogen sulfide in oe -bearing solu- 
tions, 685 ; in volcanic emanations, 
264, 2 

Hydrothermal hypothesis for copper 
deposits, 255 


in volcanic emana- 


in volcanic 


Iddings, J. P., on lithophysz, 268; 
on alunite, 668, 674 

Igneogenetic ores, 142 

Igneous intrusion, relation of crustal 
stresses to, 724; relation to fault- 
ing of, 60 

Igneous lift, 60 

Igneous rocks, gases from, 269; of 
Copperopolis, 394; relation of ore 
deposits to, 109, 792 

Ilmenite, 114, 115 

Ilsemannite, 458 

Ilvaite, 112 

Improvements in the utilization of 
coal (Campbell), 285; discussion 
of, 511 

Inclusions, of gases, 
solids in rocks, 
quartz, 502 

Indicators, of Ballarat, 443 

Ingalls, W. R., work edited by review 
of, 192 

Ingalls, W. R., et al., 
view of, 78 

Inkey, B. von, on kaolinite, 690 

Intrusive rocks and limestones, Ore 
deposits at the contacts of 
(Kemp), 1 


liquids and 
266; of rutile in 


report by, re- 
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Intrusive trap, copper deposits near, 
246 

Iodine, in volcanic emanations, 265 

Iron, in turquoise, 484; in volcanic 
eoeaations, 265; natural solutions 
of, I 

“— nitrate, in volcanic emanations, 
205 

Iron ores of the Salisbury district 
(Hobbs), 153 

Iron ores, in Appalachian coal mea- 
sures, 664; in Cuyuna range, 145, 
565; in bogs, 665; pre-Mesozoic, 4; 
of Adirondacks, 763; of Sweden, 
750 

Iron range, Minn., Geology -of the 
Cuyuna (Leith), 145 

Iron range, The Cuyuna (Winchell), 
565 

Irving, J. D., review by, 439 

Jaggar, T. A., Jr, 
on faulting, 

Janssen, on volcanic flames, 260 

Jaquot and Willm, on _ thermal 
springs, 749, 761 

Jasperoid, 524 

Jenny, W. P., on lead and zinc de- 
posits, 134; on reducing power of 
organic matter, 137 

Johannson, H., on Swedish iron ores, 
752, 761 

Johnson, on peat, 38 

Johnson, D. W., on turquoise, 482 


discussion by, 58; 


Jones, C. H., on copper extraction, 
294 
Joplin, structure at, 427; zinc and 


lead ores of, 186, 431 
Joplin Folio, review of, 518 
Juvenile waters, 12 


Kane, on peat, 38 
Kansas, lead and zinc ores of, 186 
Kaolinite, 120, 474, 476, 480, 487, 486, 


Kaolinization, 203, 481, 480, 677 

Karlsbad, springs of, 266 

Kawishiwin greenstone, 568 

Keewatin, 568 

Kelly mine, Salisbury’ district, 163 

Kemp, J. F., Ore deposits at the con- 
tacts of intrusive rocks and lime- 
stones; and their significance as 
regards the general formation of 
veins, 1; analyses by 6, 7; on cop- 
per ores, 252; on syenite, 770; on 
magmatic theory, 757, 761 

Kemp and Gunther, on garnet pipes, 
13 
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nations, 265 
in volcanic 
‘al solutions 
emanations, 
ury district 
n coal mea- 
range, 145, 
Mesozoic, 4; 
of Sweden, 
logy :of the 
(Winchell), 
439 
ssion by, 58; 
mes, 260 
on thermal 
and zinc de- 
ng power of 
ish iron ores, 
quoise, 482 
r extraction, 


7; zine and 


, 518 


res of, 186 
480, 487, 480, 


489, 677 

6 

568 

istrict, 163 
ts at the con- 
‘ks and lime- 


gnificance as 
formation of 


6, 7; On cop- 
nite, 770; on 
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Kent mine, Salisbury district, 168 

Keyes, C. R., Cerargyritic ores: their 
genesis and geology, 774; on coal 
basin, 41; on eolian processes, 880 

Kilauea, emanations from, 260 

King, C., on extralateral principle, 
6. 


4 

Kjehldahl method of peat analysis, 29 

Klockmann, F., on pyritic deposits, 
752, 761 

Klondike, Concentration of gold in 
the (Tyrrell), 343 

Knight, C. W., chemical analysis by, 
7; On the microstructure of nickel- 
iferous pyrrhotite (with W. Camp- 
bell), 350 

Knop, on enargite, 23 

Knopf, A., on copper deposits, 398; 
on Sierra Nevada, 388; reviews of 
papers by, 86 

Kollbeck, F., on kaolin, 690 

Koller, on peat, 36 

Krusch, on primary and secondary 
ore minerals, 755, 761 

Kimmel, H. B., The peat deposits of 
New Jersey, 24; on copper in trap, 
245 

Kynaston and Hall, on Premier dia- 
mond mine, 279, 2 


La Boca, Panama Canal zone, 651 

Laccoliths and faulting, 

Lacroix, on volcanic emanations, 265 

Lafayette Furnace, Ind., roll in coal 
seam at, 44 

Land plants, accumulation of car- 
bonaceous matter from, 45 

Lane, A. C., on coal analyses, 231; 
on coal, 232; on chemical reaction, 
580; on mine waters, 759, 762 

Laramie, 552, 557 

Launay, L. De, on alunite, 667, 668; 
on metallogenetic provinces, 748, 
761; on thermal springs, 749, 761 

Lavas, gases in, 270; relation to 
faulting of transfer of, 706; in- 
sinuation into shear zones of, 716 

Law of the apex, 62 

Lawson, A. C., paper by, review of, 
195 

Lead in volcanic emanations, 265 

Lead carbonate, action on marcasite 
of, 16 

Lead chloride, action on pyrite and 
marcasite of, 22 

Lead ores, of southeastern Missouri, 
141; in sedimentary rocks, 751 

Lead sulfate, formation of, 2 


Lead and copper, absence from cer- 
tain deep-sea deposits of, 309 

Lead and zinc ores, genesis of, 134, 
188, 314, 427, 528, 620 

Leith, C. K., Geology of the Cuyuna 
Tron Range, 145 

Lenses of copper ore, 408 

Leonard, A. G., on lignite, 557 

Lepidolite, 112 

Lesquereux, L., on peat, 35 

Levat, M. D., on copper deposits, 
751, 761 

Level, changes of, 641, 660 

Lévy and Lacroix, on alunite, 674 

Lewis, H. C., on diamonds, 282 

Lewis, J. V., Copper deposits of the 
New Jersey Triassic, 242; on traps 
of N. J., 243; on copper in 
pyroxene, 245 

Lincoln, F. C., discussion by, 801 

Lindgren, W., The relation of ore- 
deposition to physical conditions, 
105; Some gold and tungsten de- 
posits of Boulder County, Colo., 
453; Present tendencies in_ the 
study of ore deposits, 643; on 
chemical analyses, 6, 7; on metaso- 
matic processes, 106, 116, 678; on 
alunite, 667, 668; on kaolinite, 687; 
on ore deposition and depth, 108; 
on pre-Cambrian veins, 113; on 
gold-quartz veins, 683; on osmosis, 
414; reviews by, 86, 87, 88, 90, 194, 
195, 607, 611 

Libbey, on volcanic emanations, 260 

Lignites, moisture in, 49; and _bitu- 
minous coal, 233; brown and black, 
230; composition of, 240; on 
Isthmus of Panama, 658; with 
clays, 559 

Lime (see Calcium) 

Limestones, contact metamorphism 
of, 5, 9; chemical analyses of, 9; 
in coal measures, 665 

Limestones, Ore deposits at the con- 
tact of intrusive rocks and (Kemp), 


I 

Lincoln, F. C., Magmatic emanations, 
258 

Liquids, in’ rocks, 266 

Literature on economic geology, Re- 
cent (see Recent literature, etc.) 

Literature of turquoise, 402 

Lithium sulfate, in volcanic emana- 
tions, 265 

Little Belt Mtns., copper in, 574 

Lists, of minerals of ore deposits, 
122-125 
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Losses, in coal during storage, 603; 
in rock alteration, 10, 682 

Lotti, B., on metasomatic action, 116; 
on magmatic theory, 758, 762 

Loughlin, G. F., et al., Recent litera- 
ture on economic geology, 92, 205, 
320, 530, 625 


Magma, ore deposits consolidated 
from, 110; differentiation of, 782 
Magmas, segregation of metals 
from, 788 

Magmatic differentiation, formation 
of iron ores by, 4, 771 

Magmatic emanations (Lincoln), 
258; chlorides in, 777 

Magmatic origin, ‘of ores, 609, 757, 
771; of springs, 266 

Magmatic solutions, at Goldfield, 
680 ; deposition of copper ores by, 
255; opening of fissures by, 107 

Magmatic waters, definition of, Bs 
in ore deposition, 4, 752, 780; 
source of, 12 

Magnesium, in volcanic emanations, 
265. 

Magnetite, 9, 21, III, 112, 114, 265, 
350, 361-365, 763, 796 

Magnetites in the Adirondack region, 
Association and origin of the non- 
titaniferous (Newland), 763 

Magnetic observations in geological 
and economic work (Smyth), 367 

Malachite, 13, 475 

Maltby mine, 161 

Manganese deposits, 4 

Mahattan mine, 165 

Mapimi, groundwater at, 2 

Maps—Adirondack iron region, 7643 
American mine, 166; Burro tur- 
quoise district, 468 ; Chatfield mine, 
164; Cheever mine, 162; Copper- 
opolis district, 383; Cuyuna ‘range, 
565; Klondike, 344; Maltby mine, 
161; Manhattan mine, 165; New 
Jersey peat, 24; Salisbury iron dis- 
trict, 156; Triassic of New Jersey, 
244; index, turquoise of New 
Mexico, 465; index, Virginia rutile 
deposits, 404 

Marcasite, Action of various solu- 
tions on pyrite and (Stokes), 14 

Marcasite, 14, II9, 120, 526 

Mariposa slates, 386 

Marr, on faults, 804 

Marsh gas, from peat bogs, 39 

Martin, L., Possible oblique minor 
faultins in Alaska, 576; on fault- 
ing, 576 


Martite, 768 

Marysville district, Mont., 611 

Massachusetts, iron ores of, 153 

Massa Marittima, Italy, veins of, 116 

Mathes, W. F., on mining litigation, 
77 

Matteuci, on volcanic emanations, 265 

Maximum rate of deposition of coal 
(Ashley), 34 

McCourt, W. E., map by, 24; on peat, 


24, 29 
Medora, N. Dak., Laramie at, 557 
Menlo Park mine, N. J., 251 
Merrill, G. P., on rutile, 493, 407 
Mesozoic, vein formation during, 4 
Meta-andesite, 386 
Metallogenetic provinces, 748 
Metallographic methods, 747 
Metallographic provinces, 781 
Metals, in magmas, 788 
Metamorphism, ore deposition and 
ordinary, 109; ore deposits formed 
during, 126; in Cuyuna range, 146 
Metasomatic fissure-veins, 691 
Metasomatism, at Goldfield, Nev., 
670, 674; method of determining, 
678; by aqueo-igneous solutions, 
III; near cassiterite veinsy 112; 
near gold-silver veins, 115; near 
cinnabar deposits, 119; at shallow 
depth, 118; in nickel deposits, 363; 
in Ely copper district, 199; studies 
of, 754 
Metathetic ore deposits, 607 
Meteoric waters, ore deposition by, 
1-4, 268, 758 
Methane, in volcanic emanations, 264 
— Lévy and Lacroix, on alunite, 
74 
Michigan, bog accumulations in, 665 
Microstructure of nickeliferous pyr- 
rhotites (Campbell and Knight), 


350 

Migrations of ore constituents, 755 

Mineral deposits, of hot springs, 119; 
of Boulder County, Colo., 456 (see 
also Ore deposits) 

Mineral groups. characteristic of 
zones of depths, 108 

Mineral Industry during 1905 (In- 
galls), review of, 192 

Minerals, artificial formation of, 16, 
20, 21, 22, 23; formed by sublima- 
tion, 265, 267-268; critical level of, 
108; persistent, 108, 122-123; of 
deeper zone, 123; of middle and 
upper zones, 123; formed at 
shallow depth, 117-118, 124; 
formed in ore deposits under vary- 
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ing conditions, 125; unstable, 124; 
of contact- metamorphic deposits, 1, 
123; of various types of ore de- 
posits, 110-121; of copper ores, 245, 
307; of Goldfield ores, 683; o 
African diamond deposits, 276, 
279; of nickel ores, 350, 365; of 
sulfide veins of Boulder County, 
Colo., 456; of telluride veins, 458; 
of tungsten veins, 461; of tur- 
quoise deposits, 478 

Mine-waters, composition of, 583 

Mississippi Valley, Some relations of 
paleography to ore deposition in 
the (Bain), 128 

Mississippi Valley, ore deposits of, 
132, 427, 620; rocks of, 131 

Missouri, lead and zinc ores of, 140 
(see also Joplin) 

Modoc limestone, 6 

Mogul tunnel, Colo., 457 

Moffitt, F. H., bibliography by, 205, 
320 

Moisture, in coal, 49; in peat, 25 

Molybdenite, 111, 112, 114, 458, 461 

Monzonite-porphyry, 455 

Montana, Copper deposits in the Belt 
formation of (Collen), 572 

Morenci, Ariz., 6, 7, 13 

MOsta, on cerargyrite, 775 

Mother lode, Calif., faulting near, 
302; relation of Copperopolis de- 
posits to, 416 

Mt. Bischoff tin mine, 440 

Mount Nickel mine, ore from, 357 

Mt. Riga Mine, Salisbury district, 162 

Mountain folding, relation of sub- 
crustal faulting to, 5908 

Muscovite, 455, 459, 685 


Nathrop, Colo., minerals at, 267 

Nederland, Colo., tungsten deposits 
near, 460 

Nelson County, Va., rutile of, 493 

New Brunswick, nickel ores of, 363 

New Jersey, Peat deposits of (Ktim- 
mel), 24; Triassic copper deposits 
of (Lewis), 242 

New Mexico, coals of, 237; turquoise 
in, 464 

New York, Salisbury district, iron 
ores of, 153 

Newland, D. H., On the associa-_ 
tions and origin of the nontitan-~ 
iferous magnetites in the Adiron- 
dack region, 763 

Newland “Creek Hill, Mont., copper 
ore at, 574 

Newland limestone, 573 


Newtown, N. J., copper and silver 
at, 251 

Nichols, H. W., discussion by, 309 

Nickel, in volcanic emanations, 265 

Nickeliferous pyrrhotites, Micro- 
structure of (Campbell and 
Knight), 350 

Nickel-plate mine, B. C., 13 

Nitrate of iron, in volcanic emana- 
tions, 265 

Nitrogen, from peat bogs, 39; in 
peat, 29; in volcanic emanations, 
261; from remelted lava, 270 

Niobrara, 552 

Norm of dacite, 676 

Normal. faulting, discussion of, 61, 
183, 295, 301, 307, 599, 600, 707, 


714 
North Dakota, The clays of (Clapp), 


551 

North nickel range, Sudbury, ore 
from, 357 

Norwegian nickel cres, 359 

Notes on the Foothill Copper Belt 
of the Sierra Nevada (Knopf), 
review of, 


Oblique minor faulting in Alaska 
(Martin), 576 

O’Brien, A., chemical analysis by, 292 

Occurrence of rutile in Virginia 
(Watson), 493 

Ochsenius, K., on cerargyrite, 776; 
on chlorides in ore deposition, 760, 
762 

Oligocene, 553, 640, 645 

Opal, 11 

Opaaue minerals, microscopic study 
of, 350 

Orange River Colony, diamonds in, 
275 

Ore Hill mine, Salisbury district, 160 

Ore deposition, in the Mississippi 
Valley (Bain), 128; The relation 
to physical conditions of (Lind- 
gren), 105 

Ore deposition and depth, 460; and 
metamorphism, 109; relation of 
regional elevation to, 298; relation 
of faults to, 722 

Ore deposits. of Copperopolis, Calif. 
Reid), 380; discussion of, 797; 
at the contact of intrusive rocks 
and limestones (Kemp), 1; Present 
tendencies in the study of (Lind- 
een), 643; A theory of (Spurr), 


One " deposits, classification of, 110, 
608; and igneous rocks, 109, 792; 
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from molten magmas, II0; pneu- 
matolytic, 268; from aqueo-igneous 
solutions, III; contact-metamor- 
phic, 112; from aqueous solutions, 
112; formed under stress, 126; 
formed by static hydrometamor- 
phism, 126; formed at different 
depths, 112; by concentration of 
disseminated metals, 126; excep- 
tional nature of, 4; minerals of, 
125; absence of hydrated minerals 
from, 122; alunitic, 691; of iron, 
145. 153, 505; of copper, 242, 380; 


magnetic, 369; in sedimentary 
rocks, 128; laws relating to, 62 
Ores, iron, of the Salisbury district 


of Conn, N. 
(Hobbs), 153 
Ores, igneogenetic and 
142; of Mississippi Valley, 132; 
pre-Cambrian, 106; precipitated by 
organic matter, 136; of copper, 
202; of gold, 683; of sulfide veins, 
456; of telluride veins, 458; of 
tungsten veins, 461; of iron, 169, 

568; of nickel, 350 
Organic matter and ore deposition, 


13U 

Orisin, of alunite, 668; 
shale, 556; of coal, 564, 665; of 
clays, 563; of diamonds, 280; of 
faults, 304; of open fissures, 722; 
of gypsum, 556, 687; of placer 
gold, 345; of kaolinite, 689; of 
limestone, 665; of magnetite ores, 
771 (see also Genesis) 

Orthoclase, 12, 119, 459 

Osmosis, in ore deposition, 413 

Oxidation of pyrite (Winchell), 2 
discussion of, 505, 799 

Oxidation, of copper ores, 
pyrite, 505 

Oxidizing zone, minerals of, 124 

Oxygen, in volcanic emanations, 261 

Ozark region, 427, 518 


Y., and Mass. 


sedigenetic, 


of banded 


308; of 


Paleography in the Mississippi Val- 
ley, Some relations of ore deposi- 
tion to (Bain), 12 

Panama Canal, Isthmian geology and 
the (Howe), 639 

Paragenesis, of copper ore, 400; of 
nickel ores, 355 

Park, J., on magmatic theory, 758, 


762 
Parker, E. W., et al., on coals, 28 
Parmelee, C. ‘W., on peat, 25, 27, 20 


Parmelee and McCourt, on peat, 24, 29 
Parr, 5. Wi, 


on coal, 226, 232, 235 





INDEX 


Parr and Hamilton, 
of coal, 693 

Parr calorimeter, 27 

Payshoots, at Copperopolis, 409 

Peabody Atlas (Bement), reviews of, 
318, 

Peat deposits of New Jersey (Kiim- 
uel), 2 

Peat, accumulation of, 34; composi- 


The weathering 


tion of, 30, 38, 240; relation to 
coal of, 39 

Pegmatite dikes or veins, 108, 111, 
462, 7 789 

Pembina, Mtns., 551 

Peneplain, of Klondike region, 345 


Penfield, S. L., on eerincse, 482 

Penrose, R. A. The one 
Diamond mine, Phat 2: 
275; on cerargyrite, 775, 776 

Pentlandite, 350, 361, 363, 364, a 

Percival, on iron ores, 178 

Percy, J., on peat, 35, 36 

Peridotite, diamond-bearing, 276 

Perisho, E. C., discussion by, 435 

Perknite, occurrence and_bibliog- 
raphy of, 798 

Persistent minerals, 108 

Petrographic and _ metallographic 
provinces, 781 

Petroleum industry of southeastern 
Illinois (Blatchley), review of, 82 

Pfaff, on inclusions in rocks, 267 

Phosphoric acid, in deposition of 
turquoise, 489 

Phosphorus, in volcanic emanations, 
205 

Photomicrographs, of nickel ores, 
352, 354, 358, 360; of rutile, 498- 
501; of alunite, 672 

Phreatic waters, 777 

Physical conditions, The relation of 
ore-deposition to (Lindgren), 105 

Physical properties of clays, 562 

Pierre shale, 552, 555 

Pipes, diamond-bearing, 275, 281; of 
garnet, 13 

Pittsburg coal, 45 

Pivotal faulting, 60, 300, 308 

Placers, of Klondike, 345 

Plainfield, N. J., copper ores at, 249 

Plan (see Maps) 

Planetesimal hypothesis, 704 

Plants, deposits from, 34; 
tion of limestone by, 665 

Plutonic emanations, 266 

Pleistocene, of Panama, 642, 647, 652 

Pneumatolytic deposits, 268, 488 

Polybasite, 118 

Polysulfides, 18, 19 
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Porosity, in altered rocks, 10, 681 

Possible oblique minor faulting in 
Alaska (Martin), 57 

Potassium, in volcanic emanations, 
265; in Goldfield rocks, 682; salts 
of, action upon pyrite and marca- 
site Of; 17, 18:20 

Potosi, limestone, ores in, 432 

Pottsville deposition, 660 

Poughquag quartzite, 157 

Pr 2-Cambrian, ores of, 106; gold- 
silver veins of, 113; of Colorado, 
454; of Montana, 572 

Precipitation of copper from chloride 
solutions by means of ferrous 
chloride (Fernekes), 580 

Prehnite, 249, 582 

fae diamond mine, Transvaai, 

A. (Penrose), 257 

Fea tendencies in the study of 
ore deposits (Lindgren), 643 

Pressure, of continents, 709; of 
magmatic solutions, 107 

Pretoria series, 278 

Prime, on iron ores, 178 

Producer gas, 285 

Production of a es a 284 

Propylitization, 118, 

Protogenetic deposits, "ay 

Proustite, 118 

Purdy, R. C., review by, 513 

Purington, C. W., on apex law, 65, 
67, 68 

Putnam on Salisbury district, 163, 
165 

Pyrite and marcasite, Action . vari- 
ous solutions on (Stokes), 

Pyrite, Oxidation of (Winchell), 290 

Pyrite, 13, 14, 120, 265, 292, 350, 505, 
682, 686 

Pyritic deposits, 127, 750, 752, 773 

Pyrope, 114 

Pyroxene, copper in, 245 

Pyrrhotites, Microstructure of nickel- 
iferous (Campbell and Knight), 
350 

Pyrrhotite, 112, 114, 265 


Quartz, 496, 684, 685-686, 787 

Quartzite, at Dam Lake, Minn., 566 

Quartz veins, relation to pegmatite 
of, 111; gold-bearing, 415, 456, 462; 
wolframite in, 462; as igneous 
rocks, 787 - 

Quinnemont coal, 661 


Rabbit Lake, Minn., iron ores near, 
148 


Radio-active substances in springs, 
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Range, The Cuyuna iron (Leith), 
145; (Winchell), 565 

Ransome, F. L., Association of alunite 
with gold in the Goldfield district, 
Nev., 667; paper by, discussion of, 
801; on faulting, 58, 59, 61, 208, 
301, 577; on alunite, 667; on kaolin- 
ite, 690; on Coeur a Alene district 
687; on geology of Goldfield, 669; 
on ores of Goldfield, 684 

Rate of deposition of coal (Ashley), 


34 

Raymond, R. W., on apex Law, 65 

Read, T. T., chemical analysis by, 
7; discussion by, 505 

Realgar, 265 

Recent improvements in the utiliza- 
tion of coal (Campbell), 285; dis- 
cussion of (Bement), 511 

Recent literature on economic geol- 
ogy (Loughlin, et al.), 92, 205, 320, 
530, 625, 725, 816 

Reducing power of organic matter, 
137, 139 

Reid, J. A., Ore deposits of Copper- 
opolis, Calif., 380; discussion by, 
- 418; paper by, discussion of, 


Re ‘ae of ore-deposition to physical 
conditions (Lindgren), 105 

Rennie, R., on peat, 35, 36, 37 

Report, of a state geologist, what 
should appear in, 435; of the com- 
mission to investigate the zinc re- 
sources of British Columbia (In- 
galls, et al.), review of, 78; on 
the geology of Graham Island 
(Ells), review of, 315 

Reversed faulting, 61, 183, 207, 301, 

308, 714 

Rivioeie- Alseiiice of Coast Range 
serpentine (Knopf), Lindgren, 87; 
atlas of the bituminous coal mines 
of Pa. (Halberstadt), Ashley, 814; 
Beziehungen zwischen Erzgangen 
und Pegmatiten (Beck), Lindgren, 
87; Clays, their occurrence, prop- 
erties and uses (Ries), Purdy, 513, 
Geijsbeek, 603; Coal fields of 
southwestern Pa. (Boileau), Ash- 
ley, 814; Copper deposits of the 
Robinson mining district, Nev. 
(Lawson), Lindgren, 195; Copper 
mines of the world (Weed), 
Winchell; Erzlagerstatten (Stelz- 
ner-Bergeat), Lindgren, 607; Eisen- 
lagerstatten bei Kiruna (Stutzer), 
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Lindgren, 88; E/isenlagerstatten 
Gellivare (Stutzer), Lindgren, 90; 
Foothill copper belt of the Sierra 
Nevada (Knopf), Lindgren, 86; 
Geological plans of some Aus- 
tralian mining fields (Gregory), 
Irving, 439; Geology of the Marys- 
ville mining district, Mont. (Bar- 
rell), Lindgren, 611; Joplin Folio 
(Smith and Siebenthal), Buckley, 
518; Mineral Industry during 1905 
(Ingalls), Bain, 192; Padron 
Minero de los Territorios Nacion- 
ales, 1890-1905 (Argentine Division 
of Mines), Lindgren, 194; Peabody 
atlas, Coal mines and coal rail- 
roads (Bement), Bain, 318; Ash- 
ley, 813; Petroleum industry of 
southeastern Illinois (Blatchley), 
Clapp, 82; Report on the geology 
of Graham Island (Ells), Wright, 
31°* Report of the commission to 
investigate the zinc resources of 
British Columbia (Ingalls, et al.), 
Bain, 78; Special Report on lead 
and zinc of Kansas (Haworth, et 
al.), Bain, 186; Turmalinfithrende 


Kobalterzgange (Stutzer), Lind- 
gren, 194; Zinc and lead deposits 
of the upper Mississippi Valley 


(Bain), Buckley, 617 
Rhodesia, diamonds in, 275 
Rhodonite, 575 
Rhyolite, alunite in, 671; 

cavities of, 2 


minerals in 


Rickard, T. A., on Boulder County, 
Colo., 454 
Ries, H., reviews of book by. 513, 


603; on magmatic theory, 758, 762 
Rigidity, of rock masses, 710 
Rio Grande, Panama, 652 
Rio Tinto, copper extraction at, 294 
Robertson, R., on rutile, 493 
Rock Hill, N. J., copper ore at, 245 
Rock rolls, in coal mines, 44 
Rock texture and ore zones, 794 
Rogers, A. W., on diamonds, 282, 283 
Rogers, H. D., on copper of N. J., 2 
Roscoelite, 459 
Roth, on augite druses, 268 
Rothpletz, on faults, 805 
Rubidium, in volcanic emanations, 
265 
Ruby silver (see Proustite) 
Rutile in Va., Occurrence of (Wat- 
son), 493; discussion of, 796 


Saddle reefs, of Broken Hill, 441 
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Sainte-Claire Deville, C, 
gases, 687, 778, 801 

Sal ammoniac, in volcanic emana- 
tions, 265 

Salisbury district of Conn., 
and’ Mass., The iron 
(Hobbs), 153 

Salt, in volcanic emanations, 265 

Sampling, the value of coal-mine 
(Campbell), 48 

San Andreas fault, 591 

Sandberger, on cerargyrite, 776 

San José, Tamaulipas, contact meta- 
morphism at, 6, 12 

Santorin, emanations from, 260 

Saxony, nickel ores of, 362 

Scandinavian nickel — 350 

Scapolite, 5, A Pie eee 

Schaller, W. " tests i 673, 683 

Schertel, on dizer chloride, 775 

Scientific Notes and News, 101, 
336, 444, 544, 634, 742 

Secondary enrichment (see Enrich- 
ment) 

Sedigenetic ores; 142 

Sedimentary rocks, ores in, 128, 143 
245 

Sedimentation, 
by, 143 

gen of metals from magmas, 


volcanic 


ce a 
ores of 


220, 


concentration of ores 


Selenium, in volcanic emanations, 
265 


Separations, in faulting, 507, 508, 511 


Sericite, 450, 685 (see also Mus- 
covite) 

Sericitization, 111, 462 

Sericitic and calcitic veins, 114, 692 

Serpentine, 119, 276, 3890 

Shale, algae and oil in, 139; car- 


bonaceous, Paid contact metamor- 
phism of, 
Shaler, N. S. on accumulation of 


carbonaceous matter, 45 

Shamel, C. H., on law of apex, 63; 
discussion by, 62 

Sharon coal, 660 

Shearing, subcrustal, 597 

Shear zone, basal, 714 

Shear zones, ore deposits in, 459, 
461 

Shepard, on Salisbury iron district, 
165, 168, 177 

Shift, in faulting, 184, 433 

Short Creek odlite, 520 

Siderite, 114, 575 

Siebenthal, C. E., on Joplin 
188; review of folio by, 518 

Sierra Nevada, geology of, 384 
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Silica, in contact metamorphism, 11; 
in ore-bearing solutions, 686 

Silicification, 118, 462, 686 

Silver, in volcanic emanations, 265; 
at Newtown, N. J.; at Goldfield, 
Nev., 684 

Silver and wold (see Gold) 

Silver carbonate, action upon mar- 
casite of, 16 

Sills, in pre-Cambrian of Montana, 
572; faulting by intrusion of, 60 

Silliman, on turquoise, 487 

Sillimanite, 5 

Singewald, J. T., Jr., bibliography by, 
92, 320 

Sinters, changes in, 120 

Sjogren, H., on iron ores, 750, 751, 
761 

Smith, W. D., on coals, 233 

Smith, W. S. T., folio by, review of, 
518 

Smock, J. C., on iron ores, 178 

Smyth, H. L., Magnetic observations 
in geological and economic work, 
367; on magnetic prospecting, 367, 


Snow, C. H., on turquoise deposit, 
478 

Sodium salts in volcanic emanations, 
260, 265; in mine waters, 3383: ac- 
tion upon sulfides of, 18, 

Sodium thiosulfate, Sasnation of, 18 

Sohland, nickel deposits of, 362 

Solidification of magmas, 785 

Solubility, of cupric carbonate, 14; 
of chalcocite, 201; of quartz, 685 

Solutions, aqueo- -igneous, III; ore- 
deposits from aqueous, 112; mag- 
matic, ore-deposition by, 255, 685; 
magmatic, pressure of, 107; 
alkaline, 121; ore-depositing, vari- 
ations in, 122; turquoise-deposit- 
ing, 4890 

Some relations of paleography to ore 
deposition in the Mississippi Valley 
(Bain), 128 

Somerville mine, N. J., copper de- 
posit of, 248 

Sorby, H. C., on inclusions, 266 

South Flathead River, copper ores 


on, 574 

Southeastern district of Mo., ores of, 
I4I 

Special report on lead and zinc 
(Haworth, et al.), review of, 186 

Specific gravity of rocks, use of, 679 

Specularite, 10, 112 

Spessartite, 267 

Sphalerite, 684 


Spodumene, III 
Spokane Hills, Mont., copper in, 574 
Spokane shale, 574 

Springs, mineral, magmatic origin of, 
266 (see also Hot springs) 

Spurr, J. E., A theory of ore deposi- 
tion, 781; on faulting, 58, 182, 305; 
on ore genesis, 128; on cassiterite 
and topaz, 441; on cerargyrite, 776; 
on saline surface waters, 777; dis- 
cussion by, 182, 601 

Spurr and Garrey, on veins of Clear 
Creek County, Colo., 454 

St. Louis, coal tests at, 234, 285 

St. Stephen, N. B., nickel ores of, 363 

Standard calorimeter, 2 

Stanton, T. W., fossil determinations 
by, 467 

State geologist, what should appear 
in report of, 435 

Steiger, G,, ‘chemical analyses by, 
680; specific gravity determinations 
by, 679 

Stelzner-Bergeat, on alunite, 669; on 
magmatic theory, 757, 762; book by, 
review of, 607 

Steinmann, G., on copper deposits, 
751, 761 

Stephanite, 118 

Stereograms illustrating faulting, 
300, 303, 579 

Stewart, Senator, on apex law, 64 

Stibnite, 118, 119, 120 

Stockbridge limestone, 157 

Stokes, H. N., Experiments on the 
action of various solutions on 
pyrite and marcasite, 14; on action 
of cupric chloride on pyrite, 21; on 
precipitation of copper, 256, 580 

Stratigraphy, of Cambro-Ordovician 
in Salisbury district, 157; of pre- 
Cambrian in Montana, 572; of 
Cuyuna iron range, 146; of Ely 
district, Nev., 196; of Premier dia- 
mond mine, 280 

Stromboli, emanations from, 260, 265 

Structure, of ore deposits, 398, 458, 
461, 477, 683; geological, of Cop- 
peropolis district, 393; of Cuyuna 
iron range, 567; of New Jersey, 
242: of Panama, 641 

Structural materials,, for Panama 
Canal, 653 

Stutzer, O., reviews of papers by, 88, 
90; on kaolin, 120; on iron ores, 
750, 761 

Sublimates, from volcanos, 260 

Sublimation, minerals formed by, 267 

Succession, ‘of igneous rocks, 394 
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Sudbury, nickel ores of. 351 

Suess, E., on Karlsbad springs, 266; 
on faulting, 587 

Sulfates, in volcanic emanations, 265 

Sulfhydric acid (see Hydrogen sul- 


e 

Sulfides, introduced in contact meta- 
morphism, II 

Sulfide veins, of Colo., 456 

Sulfide and telluride veins, 458 

Sulfur, in pyrite and marcasite, 19; 
in volcanic emanations, 265; in 
coals, 52; in clays, 554 

Sulfur dioxide, in volcanic emana- 
tions, 264, 265, 687 

Sulfuric acid, in volcanic emanations, 
265; in ore-depositing solutions, 
682; from action of various solu- 
tions on pyrite and narcasite, 15, 
22, 23 

Sulfurous acid, in oxidation of 
pyrite, 292 

Superelevation, relation of faulting 

295; relation of ore deposition 

to, 208 

Surface, ore deposits formed near, 
460 

Sylvanite, 458 

Synthesis, of minerals (see Minerals) 


Table, of coal groups on basis of 
moisture, 51; of relative efficiencies 
of coals, 288; of tests on peat, 30; 
showing ash in coal samples, 55; 
of minerals in ore-deposits, i 
of gases in igneous rocks, 269; 0 
analyses of volconic gases, 262; oF 
physical properties of clays, 562; 
showing alunitic alteration of 
dacite, 680; showing classification 
of fault-movements, 185 

Tarr, R., on faulting, 576 

Teaching, of economic geology, 418 

Telluride veins, 457 

Tellurides, in gold veins, 114, 457, 


Tellurium, in volcanic emanations, 


265 

Tellurite, 684 

Temperature, of the earth, 704 

Tenorite, from volcanic emanations, 
265 

Tensile strength, of cement, 657 

Tension, in faulting, 185; in earth’s 
crust, 207, 713 

Tenth Census, on extralateral prin- 
ciple, 64 

Tertiary, formations, 553, 640; clays, 
560; as period of vein formation, 4 


Tests, on cement, 656; on peat, 30; 
on clays, 562 
Tetrahedrite, 683 
Thallium, in volcanic emanations, 265 
er of ore deposition (Spurr), 
I 


Thermal springs, ore deposition by, 
610 (see also Hot Springs) 

Thomas, on coal, 231 

Thiosulfates, 14-21 

Throw, of faults, 58, 182, 507, 509, 


SII 

Thrust faulting, 59, 185, 308, 507, 508, 
721 

Tin, in volcanic emanations, 265 

Tin ores, at Mt. Bischoff, 440; with 
rhyolite intrusions, 441 

Tintic, Utah, groundwater at, 2 

Titanite, 115 

Tolman, C. F., Jr., discussion by, 
506 

Topaz, I12, 441 

Topography, of Copperdpolis district, 
383; of Klondike region, 344; of 
Ozark region, 518; of N. Dakota, 
551; of Panama, 641 

Total displacment, in faulting, 434 

Tourmaline, 111, 112, 114, 104 

Training of economic geologists, 418 

Transcurrent faults, 591 

Transvaal, S. A., Premier diamond 
mine (Penrose), 275 

Traps of New Jersey, 243, 255 

Travers, on gases from rocks, 271 

Triassic, Copper deposits of the New 
Jersey (Lewis), 242 

Tungsten deposits of Boulder 
County, Colo., Some gold and 
(Lindgren), 453 

Turmalinfihrende Kobalterzgange 
(Stutzer), review of, 194 

Turner, H. W., on rocks of Sierra 
Nevada, 390, 395; on alunite, 668 

Turquoise in the Burro Mtns., New 
Mex. (Zalinski), 464 

Tyrrell, J. B., Concentration of gold 
in the Klondike, 343° 


Ulrich, E. O. (with Bain), on copper 
deposits, 141 

Unconformity, at Joplin, 427, 520; 
pre-Cambrian, in Montana, 572 

Underground water (see Ground- 
water) 

Upham, W., on geology of N. 
Dakota, 552, 566 

Utilization of coal, Recent improve- 
ments in (Campbell), 285; discus- 
sion of (Bement), 511 
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Vaalite, 276 

Valenciante, 459 (see also Adularia) 

Valleys, Pleistocene, 641, 647 

Value of coal-mine "sampling (Camp- 
bell), 48 

Van Hise, C. R., on ore deposition, 
129, 180; on alunite, 669; on molec- 
‘ular transfer, 711, 712; on lead and 
zinc of Ozark region, 188 

Vegetable matter, change to peat of, 
38; rate of accumulation of, 45 
(see also Organic matter) 

Veins, Ore deposits at the contact of 
intrusive rocks and limestones; and 
their significance as regards the 
general formation of (Kemp), I 

Veins, definition of, 1; genesis of, 1; 
minerals of, 123; Tertiary and 
Mesozoic, 4; gold-quartz, 13; 
apatite, 113; cassiterite, 112; seri- 
citic and calcitic gold and silver, 
114; alunitic, 667; telluride, 457; 
of Boulder County, Colo., 456; 
metasomatic, 691; tungsten, 460; 
turquoise. 464; igneous rocks and, 
109; extralateral rights on, 66; 
intrusive character of, 787 

Vesuvianite, 5 

Virginia, Occurrence of rutile in 
(Watson), 493 

Viscous body, definition of, 711 

Vogelsang and Geissler, on inclusions 
in granite, 266 

Vogt, J. H. L., on classification of 
ae 117; on alunite and diaspore, 


Volcanic emanations, 12, 258, 687, 
777, 8o1 

Volcanism, relation of faulting to, 
706 

Vulcano, emanations from, 265 


Walcott, C. D., on pre-Cambrian, 573 

Wall rock, action of vein solutions 
upon, III, 116, 405, 462, 676, 686 
(see also Metasomatism) 

Washington Camp, Ariz., minerals of, 


13 

Water, in vein formation, 1; mag- 
matic, 12, 260, 265, 680, 785, 789; 
in contact metamorphism, I1, 12; 
meteoric, ore deposition by, 268; 
heated, deposition of copper ores, 
by, 255; surface, action upon 
sinters of, 120 (see also Ground- 
water) 

Water-gas, in contact metamorphism, 
Il, 12 

Waterberg series, 279 


Watson, T. L., Occurrence of rutile 
in Virginia, "493; discussion, 796 
Weathering of coal (Parr and Ham- 

ilton), 
W feathering of rocks in arid regions, 


W ky, on gas from peat bog, 39 

Weed, W. H., on Nickel Plate mine, 
13; on New Jersey copper, 247, 
252; on magmatic emanation, 258; 
on kaolinite, 690; on Drumlummon 
mine, 611; book by, review of, 807 

Weed and Barrell, on contact meta- 
morphism, 

Weed mine, Sdtinbery district, 163 

Weems, J. B., on lead and zinc in 
dolomite, 135 

Weinschenk, E., on pegmatite, 111 

Were the Appalachian and eastern 
interior coal fields ever connected 
(Ashley), 659 

Wernerite (see Scapolite) 

White, C. A., on Cretaceous, 564 

i ae D., examination of oil shale 
by, 13 

White ates el, of Klondike, 347 

White Knob, Ida., garnet deposits of, 


6507, 13 
Whitney, J. D., on gash veins, 134; 
on precipitation of ores, 136; on 
rocks of southern Nevada, 388 
Wilder, F. A., on lignite, 557 
Williams, G. F., on diamonds, 283 
Willis, B., on faults, 58; discussion 


by, 295 
Winchell, A. N., Oxidation of pyrite, 
290; discussion, 505, 799 
Winchell, H. V., on chalcocite, 290; 
review by, 807 
Wisconsin, ore deposits of, 133 
Wolff, on volcanic emanations, 778 
Wolframite, 111, 112, 453, 461 
— Mining Co., mines of. 


W i tanibaie 5 
Wright, on inclusions in rocks, 267 
Wright, C. W., review by, 315 


Yukon region, 343 


Zalinski, E. R., Turquoise in the 
Burro Mtns., New Mex., 464 

Zellner, on halloysite, 486 

Zinc, in limestone contact ones, 4; 
in volcanic emanations, 265 

Zine and lead deposits of the upper 
Mississippi Valley (Bain), review 
of, 617 

Zinc and lead ores (see Lead and 
zinc) 
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Zinc carbonate, action on sulfides of, 


17 

Zinc ores, of the Mississippi Valley, 
141, 427 

Zincblende (see Sphalerite) 

Zone of incipient crystallization, 782 


Zones, contact (see Contact meta- 
morphism) 

Zones, of depth, minerals character- 
istic of, 108; of groundwater, 3; 
of granulation under stress, 598; 
of ore deposits, 204, 754, 790 
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